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Description

The crasant invenich psrtans (o MENCAs, reagents. cocmoositions, iats, and instrumants for use in
capturning target moiecuies. In parucular, the presant invention relates to methods. reageats, compoasitions,
ang kits tor caplunng cecxynbonucieic aci@ (DNA) or rbonuciec acig (RNA) from chmical samples.
Empbodimaents of he present inventicn crovide methads for rapic, sensilive getecton of nucisic acic mrgets
in clinical sampies agaptable to non-ragioacuve tabeling techniques and automation.

Tha ‘ollowing definitions are provided 'o tacilitats an undersanding of e present inventon. The term
"bioiogrcal binding par® as used in the prasent appiicaton refers to any pair of molecuies which exmibit
natural affinity or binding capacity. For the purcosss of the present appiicagon. the erm “ligand® will rater
16 one molecule of the diological DINAING Pair and Me term “antiligand” or “receptor” will rater 10 the
socpcsite moisculg of e biological tinging pair. For exampie, without limitation. emecociments of the
gresent inventicn have agplications in nucisic acic hybndizstion assays where tne bioiogical binding pair
includes two ccmplementary strands of poiynuciec acid. One of the strands 'S designated the ligand and
the other srand 1s designated the antiligand. Mowever, the piclogical binding pair May include anugens and
antibodies, drugs, ang ryg receDtor $118S aNC ENZYMeS ang snZyme supstates.

The term “"grobe” refers ‘o a3 ligana of known quaities capabie of seiectively binding o a taget
anuligang. As acpied to nucigic acids. the term °probe” refers (0 a strand of nuciec acid having a base
sequence compismentary to a targst strand.

The tarm “labei” refery 10 a moiscuilar moety capable of detection including, by way of example,
without limitadon, radicactive sotopes, enzymaes, luminescent agents, and dyes. The tarm “agent® is used
in 8 broad sanss. inciuding any motecular moisty which participates in reactions which lead to a cetectable
respense. The term “cofactor® is used Ctroadly to include any moteculsr moiety which paricipates in
reactons with the agent.

The term “retigvabie” 1s used in a broad sense 10 describe an entity which can be substantially
gispersaa within a medium and removeq Or separated from the medium by immobilization, fitering,
parttioning, or the like.

The term “support” when used aiens includes conventicnal supports such as filters and membranes as
well as retrigvable supports.

The term “reversible * in regard to the binding of ligands and antiligands, means capable ¢t binding or
relgasing upon Imposing changes which €0 not permanently after the gross chemical nature of the ligand
ano antiligand. Fer exampia. without limitation, reversible binding would inclugs such binding and releass
controlied by changes in pH, temperature, and ionic syength which do not destroy the ligand or antiligand.

The tarm “amplify® is used in the brodd sense 1o mean creating an amplificaton product which” may
incluge by way of example. additional targst molecules, or targenlike moiecules which &e capable of
functioning In 3 manner like the tasget molecule. or a molscute sudject to datection steps in place of the
targst molecule, which molecuies /e created by virtus of the presence of the target molecule in the
sampla. In the situation where the target is & polynuclectide, additional target, or target-like molecules. or
molecules subject [o detectng tan be made enZymatically with DNA or RNA polymerases or TaNSCHPases.

Genstic informadion is stored in living cells in threadike motecules of DNA. In vive, the DNA molecule is
2 double helix, e3ch strand of which 13 a chain of nuclectides. Each nuclectide is characterized by one of
four Dases: adenine (A), guanine (@), thymine (T), and cytosine (C). The bases are compiementary in he
sense that. due to the orientztion Of lunctional groups. cerain base pairs amract and bong to each other
through hydrogen bonding. Agenine in one strand of ONA palrs with thymine in an opposing compiemen-
tary strand. Guanine in one stranc of DNA pairs with cytosine in an Opposing complementary svand. In
RNA, the thymine base is rapiaced by uracil (U) which pairs with agenine in an oppesing compiementary
strand.

ONA consists of covalently inked chains of deoxyribonucieotides and ANA consists of covalgntly linked
chains of ribonuciectioes. The genetc code of a living crgamism & carmed upon e DNA strand in e
sequence of the base pairs.

Each nucisic acid is linked by 8 phosphodisster bridge betwesn the five prime hydroxyl group of the
sugar of one nucisotide and e thrge prime hydroxy! group of Me sugar of an agjacent nucisctioe. Each
linear swand of naturally cccurring ONA or RNA has one terminal end having a free five prime hydraxyl
Group and another tarminal end having a three pnme hydroxy! group. The torminal ends of polynuciectoes
ars often referred to as being five prime termini or three pnme tamini in reference o the raspectve free
hydroxyl group. Compiementary strands of ONA and RANA form antiparallel complaxes in which the three
prime terminai end of one Srand is Origntaa to the five pnme terminal end of the cpposing srand.
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Nucieiz acid hyorigizstion assays are based on the tendenCy &f two NUCiC aCid srancs b pair &
comgiemantary regions. Presently, nucisic acid hybridizatior ss3sys are prmanily useo 10 detect and
icentity unigue ONA ¢r ANA Dasc scquences of specific genes in 3 compie'e DNA molecute. In Mixtures of
nuclene acid. or in mixtures of nucieic acia fragments.

The igentificaton of unique ONA or RNA sequences or specific genes within the total ONA or RNA
exracted from tissue or cuiture samgles may indicate the presence of physicicgical or Fathological
congitens. Ir panicular, the idemmficaton of unique ONA or RNA sequences or specific genes, within e
10tal ONA or ANA extracted trom human or animal assus. May indicats the presence of genelic diseasss or
cancitiers such as sickis cell anemia, tissue compatibility, cancsr and precancerous Stalss. or bactenal or
viras intgetions. Tre 1dentification of umique ONA or RNA sequencss or specific genes within the total DNA
or RNA extractec from bactenal cuitures or tissue containing bacteria may indicate the presencs of
aNGBIOUC resISTANC. tOXIng, virus@s, Or Plasmigs, Or provioe igentificauon botween types of bactena.

Thus. nutleic acid hybridizanon assays have great potential in the diagnosis ang detection of gisgase.
Furtner sotential exists in agricuture and foocd processing wnere nucleic acid hybridizaton assays may be
usS@0 10 detect plant pathogenes:s or toxinproducing bactena.

One of the most widely used nucisic acid hybridization assay procscures 13 known as e Southern biot
liter hybingizstion method or simply, the Southem orocedure (Southern, E., J. Mol. 8iol.l, 98,503, 1875).
The Southern procedure is used to identify target ONA or ANA sequences. This procedurs is generally
camied out by immobilizing sample RNA or DNA to nitrocetiuiose shears. The immobilized sampie RNA or
DNA s contacted with racio-labeled probe strands of DNA having 3 base sequence complementary to the
target sequence carrying a radicactive moiety which can be detectsd. Mybridization betwsen the probe and
the sample DNA is allowsec t0 take place.

The hybridization process 1§ generally very specific. The labsled probe will not combine with sample
DNA or RNA if the two nuciectide entities do not share substantial compiementary base pair organization
stangard. Mybridization can take from !ree to 48 hours gepeading on given conditions.

However, as a practical matter there is always non-specific binding of the labeled probe o suppons
which appears as “background noise® on detection. Background noise reduces the santitivity of an asssy.
Unhytngized DNA probe 15 subsequently washed sway. The nitrocelluicse sheet is placsd on 2 sheet ot X-
ray film and allowed to exposs. The X-ray film is developed with the exposed areas of the film identifying
DNA fragments which have been hybridized to the ONA probe and thersfore have the base pair saquence
of interest.

The use of radicactive labelling agents in conjunction with Southern assay techniques have allowed the
application of nucisic acid assays to clinical samples. Radicactive dacay is detectabls even in clinical
SIMPIPS CONtAINING IXTanecus Proteinacedus and organic material. Howsver, the presence of extaneous
proteinacecus and organic material may contribute 1 nonspecific binding of the probé to the solid suppont.
Maraover, the use of radicactve labeling techniques requires a iong exposure time to visualize bands on X-
ray film. A typica) Southem procedure may require 1 to 7 aays for exposure. The use of radicactive iabeling
agents further requires special laboratory procedures and licenses.

The above problems associated with assays involving radicisctopic /absis have led to the development
of techniques employing nonisotopic labels. Examples of nonisotopic labels include enzymes, uminescent
agents, and Oyes. Luminescent Iabels amit light upcn exitation by an exwmal engrgy source and may be
grouped into categories dependent upon the source of the axciting energQy. including: radiolumingscent
labels geriving energy from high energy particies: chemilummnescent labals which cbun energy from
chemical reactions: bioluminascent lansls whersin the exciting energy 's apolied in 2 bioiogical system; and
photcluminascent or fluerascent labeis which ars sxcitable by untts of electromagnetic radiation (photons) of
infrared. visual or ultraviolat lignt. See. generally, Smith et al., Ann. Clin. Biochem., 18: 253, 274 (1981).

Nomisotopic asssy techniquss smpiaying labsis excrtabie Dy nonradicactive energy sources$ avoid the
neafth hazards and licensing problems encountered with radic-isotopic abel assay technigues. Moreover.
nonisotopic assay techniques hoid promise for rapid detection avoiding the iong exposure me assocuted
with the use of X-ray film.

However. nonisotopic assays have not conveyed the sensitivity or specificity to assay procedures
necessary to be considersd reliable. In luminescant 3ssays. e presencs of proteins ang other molecuies
carried in biciogics! samples may causs scattering of the exciting light or may apsord light in the spectrum
¢f emission of the lumingscent lebel, resuiting in 3 guenching of the luminescent probe.

In enzymatic assays. the presence of proising and other molecules camed in diclogical samples may
intertere with the actvity of the snzyms.

Similarty, in colonmaetnc assays. the change in coior may not bs getectable over protsing and other
matenals carned in biclogical samples.
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Emecociments o the pressnt inventon are concemed with target and background capture on sucpons
and on retricvac:e supports iNcluding Magnetic paruces. Magnetc perticias have Deen suggested as
suppors for the synthesis of organic compounas. incivding cligomers sucn 23 ONA, RNA. polypéptdes.
and cther multunit moiecules Mat have 3 gefineg sequences. Ses, for sxample. European Patent
Agolication No. 83112483.8 © Steven A. Benner ana Gsneucs Institute. Mowever, magnstic particies have
not peen suggested as rerievable suppons for target capture ana backgroung remaval.

Other utiizaton of magnetic particies has inciuded magneuc Auias in the picco. R. Neubauer, IEEE
transacIcns on magnetics MAG-9. 448 (1973); attachment of functional Qroup tor separaton of Dnom
cuies, US. Patent No. 3.970.518 to 1. Graver: iadeliing of cell-surface recaptors. S. Margal et .., Jour. Imm.
Met. 28:341-53 (1978); amacnment to crugs for magnetic targeting curing therapeutic. A. Senyei et al., J..
ADc. Shys.. 43 (6): 3578 (1878), K. Wieder et 8l Pro. Scc. of Exo. Bio. Med., S8:14! (1878). K. Mosoach
2na U. Shroeger. FEBS iefters 102:112 (1979); selective separaticn of viruses, pacteria, and other cells, R
Moloay et ai., Nature 268:438 (1977): ang incorporation ©f magnebc pasticies as Suppon in gei affinity
chromatograshy for biological polymers. K. Mosbach ang L Andersen, Nature 270:359 (1877).

The use of a two prode systam to elect target cadwre on convennonal non-rglrisvadie suppons has
been suggested in an articls authored Dy Ann-Chnstine Syuinen, Mafi Laaksonen and Hans Sdderluno
entitied “Fast Quantificanon of Nucieic Agid Hybncds by Affinity-Basea Hybrid Coliecuon:” Nucieic Acids
Research, 14(12): $037 (1986).

EP-A-0 285 244 disciosas target and packground capture metheds and apparatus for affinity asssys.

SUMMARY OF THE INVENTION

it is an object of the prasent inventicn 10 provide methods, reagents. compositons, kits, and in-
strumentation for performing assays for target malecules of inerest. Other obrects will oe presented
nereinafter. For convenience, without limiration embodiments of the presant invention can be grouged into
areas of target capture, background capture. and combinatons thereof.

The invention provides a memod of ampiificaton of a target polynucleotide molecule potentially
contained in a sampie with non-target potynuciaotcss cempnsing the stsps of:

a. contacting the sample pomntally containing the target with 3 first support and a first prooe capable of
specifically associating with said target unaes binding conditons and further capable of associating with
said first support unger binding conditions:

b. separating Said first suppert from the remaining sample o form a removal product which in the
presancs ct target incluass said arget.

¢. subjecting said removai product W0 ampiificstion which in the prasence of target forms sn amplification
proguct.

The invention also provides a kit for capnng ang ampliitying 8 target polynuciectios contained in a
sampls medium potentially containing the @asget with non-target polynucteotides comprising:

u) 8 first probe capabie of binging to 3 support and said target undar binging conditions:

D) 3 support capadle of forming & substantially homogeneous dispersion within & sample medium and
capable of separauon theretrom (o form 3 removal procuct which in the presance of trget in the sample
inciudes sai¢ target and

¢) amplification reagents adapted 1o be apphed to said remeval product.

The invention further proviass an instrument for pertorming assays for target polynuciectides in
accorgance with (he method defined above, comprising:

a reschon chamber acapted for recswving wrget polynuciectidas and non-target potynuciectides in 3
sampié medium and a sucoon capable ot & substantialy homogeneous gispersion within the sample
medium anc capadie of forming a compiex with the targot.

means for separsting the support from the sampis Meaum 1o form a removal proguct which in the
presance of target in he meaium INcluces target, which removal procuct is substantally tree of non-target
polynuciectides.

means o amplity said target as part of a removal proguct to form an amplification product and

means to detect sai0 ampiificaton product.

Turning first © target capwre. an empegiment of the present invention feawre cagture anc reigaso
cycles o isolats @rget molecuies. The method includes contacting a sample medium patenually conmuning
target molecuiss with protes and 3 first suppont assocated Of Capable of essociating with & Ioast one®
probe under binging conditons. The orodes we capabie of selectvely reversibly binding i e target
molecule [ form a complex including the prode wrget and e first retrisvable support. Next. the support 18
separated from the sample medium and brought Into contact with a second medium. Next, the suppor i8
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subjected {0 releasing conditicns to reiease the wmrget from the 2upport and the suppcn is separsted from
the second mecium. Naxi. a sacond sutpert i§ comactad with the sscond medium under oinding
corgitions. The second suprurt 1S associgied with or capable of associating with a: least cns probe cacadte
of ssiecavely binging to the 1argst meiecule. Under prnding conditicns, he target forms 3 compiex with the
prove associated 1o S8CONG support for further processing. ’

Preterasly. the firs: support 18 retnsvadie In the sense that it is capabie of sutsentally hemaganaous
gispersion within the sample medium 3n¢ car De substanually physically separated. rolnevec. or immeo-
piizeg witnin tne sample medium.

Separation cf :ne first suppcnt frem Me first medium removes nonspecifically bound ceitular geons
attacned to the first suppen. Funther binding of the arget molecuie tt 3 second supEon funner concentrates
ne 1arget for Qetecucn ana permits turther release-capture cyciss for greater punficaton.

A lunther emoodimaent ot the present method features a retrievabis suppent. The mathod includes
contacting the sample cotennally carrying target nucieic acig with a8 remevabie SUpPOrt in 3s60Ciaocn with 8
crece maiety. The ratrigvabie sugoort is capapie of substantially homcgenous Ciscersion within 3 sample
meciym. The prote moiety may be asscciatad to the retnevadle suppart, by way of example, by covalent
pinging of the probe moiety to the retnevable support, Dy affinity association, hydrogen bonging, or
nonspecific association.

The support may take many forms including, by way ¢f @xampie. nitrocelluicss reduced 0 particulate
lorm ang retrievable upon passing e sample medium containing the support through a sieve; nirccsliulose
or e Matanals iMpregnated with magnetic paricles or the like, allowing the nitrocelluiose o migrate within
the sampie medium upon the application of a magnetic fisld. beads or particiss which may be filtared or
exhibit elecoromagnetic properues; and polystyrene desds which partition to tha surface of an aquecus
medium.

A praterrea embodiment of the pressnt invgntion incluces & retrievable suppont compriging magnelic
besds charactenzed in their ability to De substantally homogenecusly cispersed in a sample medium.
Preterably, the magnetic beads carry primary amine or carpoxy! funcuonal groups which facilitate covalent
tinging or associalion of a probe entity to the magnetic support particies. Praferably, the magnetic support
Deads are single domain magnets and are super paramagnetic exhibiting no rasicual magnetism. The first
probe includes a probe ligand moisty capabdle of specifically binding t© antiligang under binding conditions.
The retnevables support is capable of substantially homogenegus dispersion wrthin the sample media and
includes st least one antiigand moisty capable of binding to ligang under binding congitions o form a
target-prebe support complex. Next, the reievable support and sampis medium ae separated 1o slow the
sampie medium 1o be processed further.

Embodiments of the invention are suitadle for capturing target molecules from a clinical sample medium
containing exzanecus material. The crder of comacting the sample medium with probe or retievabie
support is a3 mattsr of choice. However, the choice may be influenced by the kinetics of binging between
the probe and target on cne hand, and detween the probe ligand and support antiligana on the other.

As applied  polynuclectide target moiecules and homopolymer liganas and antiligands, the homo-
golymer ligand and antiligand binding is generally faster than probe binding 1o target. Probe binding t© the
target is sterically impaired after the prode ligand is bound to the support entiliganc. A preferred
embodimant includes contacting Me sample medium with the rgagsnt and pnnging the mndture t©
nybridization conditions. Next. the retnevable suppon is dispersed in the reagent and sample madium
aliowing the formation of a trget-probe complex in savance of the formation of probe suppert complexes.

A further embadiment of the pressnt invention festures a multipie probe system.

Proferably the mathod incluces a rsagent including 8 first probe as previcusly described and &t least
one second probe capapie of binding to the 1arget moiecule and having label moisties capabie of getecton.
The second probe is cacabie of forming a target (first ana second) probe-support compiex. The step of
separating the retnevable supper from the sample medium not only removes oxtranécus matenial trom the
target-{first and second) probe-sSuPPOrt COMPIeX, But AISO SEPATELES any S8CONd probe which is not bound
10 the target. Secand probe Unbound 1o target contributes 1o Dackground noises, false signals indicating the
presence of tasget. .

Further processing may include reisass of te target (first and second) probs compiex from the
retisvanls SUpLon intd a second Medium and reinding of the target (first and second) proboe compiex ©©
new support. The first retevable suppert may carry nonspacificslly bound matwrials which can interfere
with assay procsdures. Thus, after the relaase of the target-prope compiex from the retrievadle support and
the retrievadls suppons removal, 4 second support having an sntiigand moisty Capable ot binding to the
probe ligand can e brought into Contact with the target-probe complex undear binding conaltions to effect 8
further cycle of target-prope binding o capture for hurther purificagon and concentration of target-prode
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complex.

Furher processing may tncluce background cazture. A further embodiment ot e prescnt inventon
neluges a Method wnerein the 18¢2nd proos Fas second Ligang moiety. Tne method turther incluces 3
background suppert Naving a8 $econc amiligand moiety. The second liganc moety and seccnd andliganc
mowety are capable of stacly binding unger Binding conattions cnly when the sacond prods 1S undound to
ine target molecule. The meathoa further includes the step of contacsng a meocium potentally c.Inmining
second prote ungound o targst with a background supson unaer binging conditons. Next, the backgreund
suppen is separarec from the maedium o rgmove urdound second probe recucing Dacxgrouna noiss.

The term "background suppert” is used in the conventional sense to include filters anc membpranes as
well a8 retnevablé supccens. Binding to the background suppbort Goes not need 1o be reieasiole.

A zreferrad retngvadie suppont inciuges. by way of example without limitagon, particies. grains, beacs.
or Klaments capacis of cispersion within the separation from a medium. Methoas cf separabon intlude Dy
w3y ot exampie, winout limitauon, ot fiiration, centrifugation, precipitaton, surface floataticn, setthng, or the
introgucton of elecrsmagnetic fieids.

The present mathod can oe apoted 10 palynuclectide target molecuies. Preteradly. e first ano second
orobes bind quickly to & polynuclectide target *n soluton® AS opposed o the situation where gither the
target or probe is immobiized.

The retrievabie support. capabte of substantal dispersion within a solution, permnits interactions betwesn
the retrievadie support and probes which mimic “in solution® hybricization. In seiution, hybridizaton can be
completed in approximately 3-1$ minutes. The rapid hybridizations and simplicity of the present mathods
parmit automation. The present method allows nuclsic acid ssquences containgd in clinical samples o be
separated from extranecus material allowming the methods to be applied to noniscopic labelling techiques.

An embodiment of the present mewmod wners the target molecule is a polynucieonce, includes
gontactng a sample medium with reagent under binging condinons. The reagent includes at \east one first
polynucieotice probe and at least one second polynuctectide prote. The first probe is capadbie of forming 3
compiex with the arget moleculs and has 3 lirst Romopoiymer iigang moiety. The sscond probe is cacable
of forming & complex with the target moiscuie in aadition 10 the first probe. The sacond probs includes &
iabe! moiety which has a second hemopolymes ligang moiety which is difterent than the first homgopolymer
figand of the frst prode. Next. the rsagent and sampie medium are contacted with 3 packground support
and a target capture support The background suppert includes at least one second homopolymer antiliganc
moisty capable of binding (o the second nomaopolymer ligand moiety of the second probe when said
sacond probe is unbound to target The target capture support inciudes at least one first nomopolymer
moiety capable of binging o e first homopolymer ligand moiety of the first prebe. The background
supoon and the target capture suppon remove backgroung noise and the target capure support further
concentrates the target-(first and second) probe compiex for further processing and seperates the target-
(first and second) probe complex from ceilulsr gebns. Further processing includes the detsction ot the iabe!
mgisty indicative of the presence of the target molecule.

Turning now more specifically © embedimants of the invention peraining o background cacr.re, one
embodiment includss a methcd wheren probe and largst are allowed ' form a compiex. Next uncom.
plexed probe s brought into contact with 3 suppon under pinding conditions. The support 1§ capable of
selectively binding unbound probe. Next, the support is separated from the probe-target complex.

A still further gmbodiment of the prasant invention includes a method of separating & plurality of target
molecules for further processing.

One smbodiment incluces the sequential agdition and removal of prodes specific o targst molecules on
a plurality of supports. A further embodiment includes a methed which inciudes contacting a sample with 3
first series probe and capturing the target and probe on 3 plurality of supports. The first senas prode
includes s ligand capable cf associstion with the support. The first probe series inciudes probes for all
puraitty targets which are capapie of Dinging to suppors specific for sach target moieculs. The supports
are capadre of being separated trom each other, the separaton of which resuits in individual types ot target
molecules bewng 1zolated with the support.

A further embodiment of the present invendon includes a reagent composition. The reagent composiion
includes a first probe and a second probe. The first probe is capable of forming 3 complex with a wrget
moisculs and includes 3 probe ligand moiety capable of specifically binding to antiligand under binding
condftions. The sacond prope is capable of foming & complex with e target molecule and includes 3 labe!
moiety capable of detection. The resgent compasition can be used 10 capture and detect the arget ins
sampie medium when usad with a retrigvable suppon having antiligang moietes.

A futher embadiment of the present raagent composibon incluges 8 second probe naving 3 second
ligand moisty capable of smbly binding to an amtiligand only in the situaton whate the second probe is
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t
unoound to the target moiecule. T reagent compositon allows backgrounc noise 0 D reguced by
coniacong sampie patenually contaiming an UNBCUNG S8CONC Frobe with 8 Sackground suppont having &
second antligang mamty.

A furher emzsciment includes a supcont capable of sudstantially homogenecus dispersion in 3 sampie
medium having oligonuctectioe antiigands adapted for binding to oligonucieotige liganas on probes.

A prefsrred smecaiment of the supison includes. Dy way of sxmapla. particies, grains. filaments, and
peacs capabie of separatcn. Means ¢! sgparauon includs, By way of exampie w:tnout iimitauon, precipia-
non. settling, flcatanon. filtrauon, centnfugaton ana elactromagneusm.

A preferrsc emtcdimant nC:uces polystyrene beads, Detween 10-100 um in diametsr. which are
cacacis of sucstantaily hemogeneous dispersion anc separancn trom 2 medium By fiitration or floataben.
Arciner oreferred smcogiment Incluges ferrcmagnetic Deads. A ferromagnetic bead marketed urder the
wragemark 8I0-MAG s capable of sucstantiaily homogensous dispersion in an aqueous medium ang can be
retrieved or immotiiized by an electremagnetc fiald. The ferromagnetic bead includes an iron core which i3
costed with an amine reactive covering. The oeacs are gensrally spherical and heve s diameter of one
micren. The polystyrers and farromagnetic beads are treated to inciude antiligana moieties.

A further emoccimeant of the presant invention incluges 8 kit for performing sssays for target moilecules
which are pan of a piological Binding pair. In the case where the target is a polynucleotids having a spectfic
pase sequence. the Kit inciudes 3 reagent wharein the reagen includes a first polynuciectide probe and 3
sacond polynucieotide prove. The first and second probes are capadle of pinding to mutually axclusive
porsons of the target 1© form a complex in which both probes are bound to the targst. The first probe i
capable of reversibly binging to a flrst supoort unger binding conditions, and. the second probe includes 3
lapel.meiety capabie ¢f detection. The kit further inciudes a first support allowing the support o form
compiexes with the target ana prooes which can be selectvely ssparated from the sample medium,.

A further embociment of the presemt kit incluces 8 second probe ang a background suppont. The
second probe. when not bound tc the targel. is capabie of selecuvely binding 10 a background support The
Dackgreuna sugpon (s capabte of peing separsted from a3 mediumn containing reagent tw© remove Me
nonspecifically boung second probe.

A further empcdiment of the present invention includes an instrument for perfarming assays in
accordance with the present method. In e situstion where the target is 3 polynuciscuce, e instument
incluges a reaction chamber adapted for receiving reagent and target in 8 substantially mixed homogeneous
state. The reagent includes a first and a second polynucleotide probe. Each probe is capabie of binding to
mutually exciusive poruons of the target forming a compl@x in which both probes aré bound o the target
Tha first probe is capabie of reversidly pinding to a first support under binding conditions and the sacand
prope includes a abel moiety capabls of detection. The instument further includes means tor contacing 8
first suppont with the reagent and sampie f© allow the first probe and target-probe compiex to become
noung o the supporl The instrument further includes means for pringing the sample, reagent. and support
to binding conditions to form targst-probe complexes bound to support. The instrument unher includes
means for bringing the first proge into releasing congitions. Finglly, the instument incluges means tor
soparating the suppon lrom the sampie and from the resgent.

Tho torm “reaction vessel” is used in a broad sense to includs any means of containment insiuding, by
way of example without limitation. cuvettes. tsst Wbes, cagillaries, and the tke.

Suitable means for bringing the sampie. reagent and support into binding conditions or bringing
reagent and supcort nto releasing conditions inciude Dy way of example, tempoerature conyols which can
elovats or lower the tamperature of the sample. reagent. and support selectively gsnaiure of anneal
golynuclecude strands.

Suitabis means for separsting the support from the reagent or $ampie incluge by way of sxample,
slectromagnets for use in comjunction with magnetc besds, fipers sffixed to an ancnonng support.
centrituges for use with Dolystyrane grains, ang the like.

Further emoodiments cf the present invention InCluds Means for bringing the reagent and wrgst Int®
contact with background support unoer binding conditions (0 remove any second probes having label
moieties which second probes e nat specifically pound to the targst. .

Emoodiments of the present insgument adapted for use with luminescent labsl moieties include Suitabie
|abel excitalion means. Instruments for use with flucrescent label moieties incluge (83ers or light emitting
assemopiies with filters to cefine appropriate wave lengths. insTuments for use with chemiluminescent label
moghes INCiuce injection apparatus for injecting cofactors into he reaction chamber.

The invention aiso fsatures s metnod for assaying 3 sumple for & mrget polynuclectde, which sampie
contains e target polynuciectids and non-target polynuciectdes, the method invaning contactng the
sample with a polynuclectide prode capable of forming a complex with the target polynucieguas, subs@an-
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taily separatng the compiex trom the ncrelarget polynuciectidss in the sample, amplifying the target
sclynucieotge, to forrm an amplification pracuct. and measuning or detecting the amplifiea target poty-
nuciectige. This method aovaitagecusly can De Used n CONjUNCIoN with the target capturs and dackground
capture steps descriced atcve.

Brig! Descriction of tre Drawings

Figs. 1-3 are fiow diagrams illustrating stes, apparatus. and reagents used in MeInoas of the invention.
The term “Figure 1° refers coliectively 10 Figure 13 ang Figure 1D. Similarty, the term “Figure 2° reters
coliectively to Figure 2a ano Figure 20

Figs. 4-8 are ciagrammatic representations of cacture ampiificanon matheds of the inventon.

Fig. 7 is a ciagram illustrating features of an apparatus Maas in 3cCOrGance with one emtogiment ot the
prasent invention.

Fig. 8 1s a diagrammatic representation of 3 genetic consguction used in the invention.

Detailed Description

Turning now fo the drawings. which by way of illustration aepict preferred embodiments of the present
invention, and in particular Figure 1, a methed of procsdure, with nacessary resgent compositions, is
ilusoated in schematic form for an assay for target polynucieotide stranas. Conventional 3§83y tschniques
inclugde many target sTands, and many orobe sTands would be used o perform an assay. Howevex, tor the
simplicity o further an understanding of the invertion, the iliustration depicts oniy hmitsg numbers of
probes. suppan entites. and targets. Figure 1 features a method wiilizing retrievable supposts.

Stsp 1 of the assay illusoated in Figure 1 bagins with a clinical sample which, by way of illustration,
contans calis. The calls potentially carry target nucieic acia. either ONA or RNA, having a bass sequence
of particular interest indicative of pamogsns. genetic conditions. or desirable gene characrenstics. The
clinical sampies can be obtaned from any excreta or physiclogical Huig, such as stecl, urng, sputum, pus,
serum. piasma. ccuiar lens fluid, spimal fluig, lymph, genital washings, or the liks. Individuals skilled in the
ant may cesire to reduce biopsy samales to single cell suspsnsions or smail clumps by means known in the
art. For example, bicpsy sampies of solid Ussues can be stfectvely recuced to single cell suspensions of 1o
smali ciumps of cells by agiating the biopsy sample in 8 micure of 0.5 M sogium chicrids, 10 mM
magnesium chicride, 0.14 M phosehate butfer, pH 8.8. and 25 Mg/ml cyciohexamice. Isclstion of specific
cell types by established procedures known in the art. such as ditferential centrifugation, dansity gradient
contrifugation. or other METhOCS, can aiso be applied at this step.

The cails are then treated to fiderata their ONA andior RNA. Chemical lysing is well known in the art.
Chemical lysing can be performed with the dilvte acuecus aikali, for examps, 0.1 to 1.0 M sodium
hydroxide. The afkaii aisc ssrves [ cenature the DNA or RNA. Other denstunzation and lysing agents
inciude slevared tBMPeratures, orgare raagents, for example, alconhols, amices. amines, ureeas, phenocls and
sulloxides. Or cerain inorganic ions. for example chaovupic sams such a8 sodium triflucroacetate, sodium
trichioroacetate. sodium perchiorate, guanidinum isothiocyanma, sodium iogide. potassium iodide, sodium
isothiocyanats, and potassium isothiocyanats.

The clinical sample may aiso be subjectsd to varicus restriction sndonucieases o divide DNA or RNA
into discrete segments which may be easier 1o nandie. At the compietion of the sample processing stps,
the clinical sampie includes sample nucleic acid. cellular dedns, and impurities. In the past, sample nucisic
acid was separated from ceilular debns and impurities By nenspecfic binding of the nucieic acid © filters or
membranes and washing calluias detris and impurities from the fiter or membrans. However. in practice,
some celluidr cebns and some impEurBes, a3 well as nontarget nucieic acic. are nonspecifically bound
the filtar or membrane and are not removed by washas.

An embodiment of the prasent inventon, as illustrated in Step 1. includes contacting the ssmpile
potentially carrying trget nucieic acid with & retrievable suppen in associstion with 8 probe moiety. The
retrievable support is Capable of substantially hormogenous dispersion within s sample medium. The probe
moiety may bs associated % e relevable suppot. Dy way of example, by covalent binding of the probe
morety to the retrievable support by atfinity asscciation, hygrogen pinding, or nonspecific associstion.

The support may take many foms including, by way of example, nitroceiiuicse reduced to particulats
form and retrievable upon passing the sample medium comaining he support through a sieve; nitrocsiluioss
of e materials impregnated with Magnete Sartcies or the like, allowing the nocailuioss w migrate within
the sampie medium upon the applicaion of a magnetc fie!d: beads or particies which may be fittered of
axudit slecromagnenc properties; and polystyrone beads which partition to the surface of an aquecus
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madium.

A preferreg embegiment of the present inveruon inclydes a retnevadly support compnsing magnelic
beads cnaracierized in g ability to D@ substarually homogenecusly dispersed in 8 sampie medium.
Preferacly. the magnetic Deads ccntain primary amine functiona! groups whick facilitats covetent einding or
association of a probe snuty to the magnaetic support paricles. Preferably, the megnetic suppont Deads are
single JOMain MIgnsts and are s.er caramagnenc exnibiting no residual magnetism.

The caricles or peads may ce compnsed of magnelic parvcies. alinougn they can also be cther
magnhetic metal or metal oxices, whether in impure, alloy, or composite form, as long as they have 8
reacuve suriace and exnibit an ability o react 10 a magnetic field. Other matenals Mat may be used
ingividually or 1n comoinaticn with iron inciude, dut are not limited tc. copak, nickel, and ailicon. Methods of
maKing magnstte or metal oxide parucies we §isclosed in Vandenberghe et al., “Pregaration and Magnetic
Properties of Ultratine Copalt Ferntgs,” J. of Magneism and Magnetic Materials, 1§ through 18: 1117-18
(1980); E. Matijevic. *Mono Dispersed Mew (Hycrous) Oxice—A Fascinaling Fie of Coticical Science.”
Acc. Chom. Res.. 14:22-29 (1981). the disciosures which are ngorporated herein by retference.

A magnstic tead suitabie for apoiication to e present inventon includes a magnetic teac conmining
cnmary amine functional groups marketed under Me trade name BIO-MAG by Aavanced Magnetcs. Inc. A
preterred magnetic particie is nonporous yet stiil permits association with 3 probe maiety. Resctve silgs not
invoived in te sssociation of a prote moisty are preferadly blocked to prevent nenspecific binding of other
reagents, impurities. and ceilular material. The magnetic particies preferably exist as substantially colloal
suspansions. Aeagents and substratas and probe moieles associated 1o the surface of the particls extand
diractly into *he sciylion surmounding the parucle. Probe moiebes react with dissoived resgents and
SUDSUAtES in soluticn with rates and yields charactenistic of reactions in solution rather than raies associated
with solid supported reactons. Further, with decreasing particle size the ratio of surface ares to volume of
the particies increases theredy permitting more functional groups and probes to be attacnea per unit weight
of magnetic partictes.

Besgs having reactive aming functional groups can be reactsd with polynucigotides to covalenty affix
the polynuciectide to the beac. The beads are reacted with 10 percent giutarsidenyae in sodium phosphats
Butter and subsequently reacted in a pnosphate butfer with ethyienediaming agduct of te phosphorylated
polynucisonae in @ process which will De set fQrth in greater catail in the expenmental protocol which
tollows.

Returning now to Step 2. the retrievable support with associatad probe moisties is brougnt into contact
with the clinical sample ana. progressing through to Step 3, is brought mnto binding conditions. The prube
moisty spectic for the target of interest becomes bonded I the targst sirands present in the clinica)
sampie. The remevable support. dispersad throughout the sampie and reagent medium, allows e probe
moisaes and targst to hybridize ts though they are fres in a soiution.

Hybridizatons of orebe to target can De accomplished in spproximately 15 minutes. In contras,
hycridizations in whicn esther the probe or target are immobilized on a suppon not naving the capabilty ©
be dispersed in the medium may take as iong as 3 0 48 hours.

Extraneous ONA. ANA, csilular dedris. and impurities are not specifically bound to the suppon.
Wowsver. a3 a practical manner, a small amount of axtransous ONA. RNA, ceollular debris. and impurites e
aple to ana do in fact nonspecifically ind to any entity placed within the reaction vessel including the
remevacle support. Embodimsnts of the present invention tacilitate the further purificaton of cinical
samples © remove extranecus ONA. RNA, cellular debns, and further impurities trom target poly-
nucleotides. ]

Step 4 of Figure 1 depics the separation of the suppon of the clinical sampie and the suspension of the
supgort into a second meawm. The second medium thus includes the remevable support with the
assoclated probe bound ¢ 1arget poiynuciecude strands. Also carried with the retnevadie suppont is
extraneous DNA. RNA. ceilular cedris, and impurities nonspecifically bound to the supgert. but in a much
lower concanvation than what was iniially found in the clinical sampte. Those skilled in the an wfll
recognize that some undesirable matsnials can be reduced Dy washing T's SuUppOrt pricT to suspension in
the $esONd medium. .

The retrigvable suppornt with associated probe and arget strands suspended in the second mediym i3
subject © furtner gensturation as set forth in Step § thersdy aliowing the target 0 disassccials from e
prope moisties of the remevasie support The denaturation process May or may not release nonspecfically
bound extraneous DNA. RNA. csilulas dens. or impurites rom the retnevable support However. Stzp 8 of
the present metnod aliows the remevable support to be removed from the second medium carrying with #t
much ot the nonspecically bound cellular gebris, impurines, and extanecus DNA. and ANA inftially caried
over from the first ciinical sample medium.
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As set form in Step 6. @ new suopon can be introcuced int the sccond medium under binding
congiuons (o again capture target =alyructeolice Stranas on Jrooe mombes asscOaec with the relicvadle
sucpert It will be rccognized Dy tmose skilled in the an N3l Me new support May actually nchuc:: e
onginal retnevapie suppen after recychng steps to turther purity and remove nongpacifically bound DNA,
RNA, ceilular gedns. and impurities. Thus, the only impurities present in the second medium inciude DNA,
RNA. caifutar SeOns, and impunties previcusly nenspecifically bound (o the support whic has subsequently
226N reisasea from Mme Srst Support and Ci$SOIVEC O SuSDENded N the second medium.

However. such impunties can be ‘urther removed from the target poiynuciectidges by removing the
escong retiévabie sugoon hom the sscond medium and agan repeating the cycie of intrcducing ihe
retievabie suppor into & rurther mecium, densturation, and removal of the old supgort. These skillea :n the
ar wiil recognize that e Magnetic beads descndec in the pragent inventicn are suscopudie ot being raised
out of 3 solution or peing heid in place as 3 solution 1S removed or 3308a IC 8 containment vessal.

The acility of the magnetic Sesds to paricipate in the reactions which mimic “insolution kinetics”
sanas allow the comeietion of @ cycle of denaturation and binding to the tasget o Be accomptisned 1o
thres 0 fifteen minutes.

Ater sufficient purification and cancentration, the 1arget can be detectad by lumingscan or radioactive
methods known in the art as incicated in Step 8. Purfication of !he madium containing the target allows the
getecton of nonisctopic label MoIstes without ceilular debns and impurities.

Turning now 1o Figure 2, which features a muitiple probe method, a further smbodiment 1o the present
assay method is illusTated beginning with a clinical sample contaiming polynuciectide target which is
processed in accerdsnce with the clinical sample of the previcus figure with the introduction of solubilining
agents and reagent. The reagent of the assidy method depictad in Figure 2 includes a first polynuciectioe
probe strand (P.) and a second pelynuclectice probs strand (P;) capable of forming a complex with the
target in which both probes (P and P2) we bound (0 the target. The first probe (P1) is capadle of
associating with a retrievadie support (S:) under binding conditions. The sscond probe has at lasst one
label moisty capabie of detaction. The label moiety is illustrated in the drawings with an astansk or a star.
Fallowing the introguction of solubilizing agents and reagent undsr denaturation conaitions, the solution
ccntaining the climical sample potentially includes twarget polynucleotides and reagent in the form of the first
ang seesnd probes. pius celluiar asdris, solubilizing agents, impurities. and extraneous RANA and DNA.

Under binging conditions as illustrated in Step 2, the first and second probes {P\ snd P3) bind to

- mutually exclusive porons of the targst. The hypridization of the probes (Ps and P;) 10 the larget in

solution is ragid and unimpaired by association with 3 solid support. In erder 1o insurs the dinding of e
target to the first and second probe strands (P, ano Pp) an excess of prode is employed. Mowsever, even if
an excess of prope (P: and P;) were not empioyed, some prode would fail to find target and would remain
unnybridized in the semple medium. The unhybridized second probe (P:) having 3 label moisty consttutes
packgrounc noise if present during detection.

The first prabe (Py) is capable of binding to 3 support (S)) by means of 8 ligand capabie of binding t©
an antiigand moiety on 3 support. The ligand (L. ) inciudes, by way of example. a mil portion comprising a
nomopolymer. The suppsrt (S)) incluces an antiligand {A1) capable of recsiving and pinding to ligand {L1).
The antiligand (A1) inciudes, Dy way of example, a nomopolymer complamantary to the ligand (L+) of probe
(P1).

Tuming now to Step 3, under binding conditions the antiligand moiety (A1) of support (Sy) assaciates or
pings 1o the ligand moiety (L) of the first probe (Py) which is ntseit bound to the target and linked % !ho
sscond probe (P2). The support may fake many forms. Beads or particulate supports can be disperssd in
soiution ang participats in binding with target probe reactions which gsmonstrate near in solution idnetics.
Further. rarievable beads and particulate SUPPOMS can separate probe-targel complexes from nondissor
vable dsbris without clogging problem mnherent in more conventonal fitters or membranes.

However, conventional mempbranes, fiters. or cellulose Supports may aiso be employed fer some
applications in which clogging may not be a problem. Due to the rapid nybridizauon of the probes o Brget
insolution, 3 solid nonbesd or nonpartculats membrang or fiter support can be incorporated into the
reacton vessel. The solution of reagent and sampie can be passed through the support to affect target
cagture. The support (S ) is lilustratad in Figure 2 as 3 retriovable support. . _

in sohsion with the tasgetproce suppanrt compiex sre unbound first and second probe mooeﬁgt.
unbound target sokubiliang sgents. impunniss, and ceilular aebris. The unbound second prodd (Py) which
has label moieties consHIUWes hoise, producing & signal which mimics te pressnce of trgel. A small
amoumt of extranwcus cellular dedris. solutilizing agents. impurities, and probes may aiso become
nonspectfically bound 1o the retnevablé suppan.
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In Step 4. the sucport (S:) is seowared from the chnical sampie madiurm. It 8 retievable suppont is
used. separation can bs accomplisned either by immobilizng the retievabie Supnorn wathin a rescvon
vessel or by withdrawing the remevadle supooa from the sample medium directly. Those siilisd in the ant
wil: recognize Mat the \mmaobilized sugoert can De wasned to reduce undesrabic matenal.

Turning now to Stap S, the wrget-prope SUPPON tompisx is substantially tree of extraneous RNA. DNA
scubilizing agents. imp.nties. and celiular matenal anc can be momtored for the pressnce of the iapel
mcietes indicstive of tne cresence of e target molecule. However. a small amount of exvanecus ONA
ANA. solubilizing agents, impunties, ang sailuler matenials may still be nenspecitically bound to the suppent
{S1). Moraover, unboung. in the sense that it is not associated with target, seccnd predbe (P;) may aisc be
ronspecifically tound 0 ‘he supsont (S:) and can altec: signais from nonisotopic label moietes. The
sresence of unccung secend crobe moely (P;) having labe! maighes is & signilicant cause ct bacikground
noise thereDy recucing Me accuracy 3f ine assay proceaure.

Thus. as an aiternative Stap S, the first suppcrt (S)) may be suspended nto 3 sscond medium whers
me supgort (Sy) is ssparated from the target-probe complex by denaturation.

Foilowing denaturation, in Step 6. the first supgon (S.) 1s removed from the seceng medium and
resiaced wih & second support (Sa). The second support (Sz) inciudes an sntiligand moisly (A1) capable of
pincing o the igana moiety (L:) of the first probe.

Moving to Step 7. unger binging conditions, the target-prcbe compiex reassociates with the second
support (S2). The removal of the first support (S1) removes exwaneous matenal. debnis. and probes
nonspecifically bound io the lirst support (S:) from the assay medium.

As illustrared in Step 8, the medium Containing e target-probe compiex can be monitored for the
presence of e labels. Howsver. further purification of the assay megium can be pertormed to turther
reguce the presence of background end exzanecus materials which may have been caried from the
sampie medium nonspecificaily bound to the first retigvadle support (Si) and subsequendy dissolveg or
disassaciated rom the first support (S:) into the sscona medium.

Thus. the secona remavabie suppont (Sz) may be drought into contact with a tnird medium, the medium
Drought into conditions to reisase e target-probe complex from the support, anc the suppon removed ©
ccmplete 3 turther cycls. The numper of cycles will be & matter of choice depending on the typs of sample,
type of labsl moieties. anc the sensivity of the detaction squipment. Difterent types of supports may be
used at difterert times. Thus. a rewrisvable support can be used to gather or concantrate e target-probe
complexes from sample mediums of soiutions nitially 1o avoid problems of clogging typical of membranes
or filters. The second or third supgens preferably inchudes a memorane or filter with antiligand moieties {(A:)
which bind to the ligang mosty (L1} of e tirst prote (P1). Memorane or filter supports can simplity process
steps allowing fiow-througn recovery ot target-orobe compiexes.

A further embodiment of the present invention is particularly well suited for reducing background noise.
Refemng mow to Figure 3. a medificaton of the previcus assay procedure illustrated in Figure 2 is
described. In Figure 3. a target polynuciectde has formed a compiex with 3 first and sscond probe moisty
(P: ang P3) similar 10 the probe mogties descrided in Figure 2. However, the second probe includes a
second hgand (La). The second ligand (L3} may include. by way of example, a singie terminal
noonuciectide which complexes with a borats antiligand. an aremating copolymer which binds with a
compiementary copolymer, & biotin ligand which tinds to an avidin antiligand. or as illustrated, homo-
polymer ligand (La), and a compiementary nomopotymer antiligand (Aa).

Tuming now to Step 1. 3 background suppon capasie of selectively binding to the second prode (Pa).
only when it is not bound 0 3 target. is brought int contact with the medium containing the target-probe
compiex. The medium further includes free, disassociatac first and second probes (Py and Pz). The labeled
socond probe (Py), which contributes t the background noise. i3 specifically pound to the background
support (B:) by a vast molar exgess of antiligand moigties (A;) associated with the background support
(B1). Following Binding ¢t the unocund 13beled probe (Pz) to the background support (8:), the background
support (B1) is removed from the medium as illusrated in Step 2 The medium contsining e target-prods
complex can be monitored for the presence of the labal commined upon the sacond probe (P;) with 2
requcton in background noise. Altematively, the medium contuning the target-probe complex can be
subjected to further processing.

The furtner procsssing can include furtner background reduction Dy repeding Steps 1 trough 3
described n Figure 3 or, steps previously cescnped in conjuncon with Figure 2. For example, background
reduction Steps can be incorporated ints the processing of a clinical sample a3 illustratec :n Figure 2 at any
DGit in which the ligana and anmiigand moieties of the first ang second prodes do not interfere, and the
target is compiexed with the first and second probes.
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An emtodiment of the Zresent method can practiced with additional amglification steps to generate an
ampliicaticn sroguct to '/mprove the sensitivity of tho assay. Tuming now o Figures 4. 5 anc 6 . each
Figure includes 3 Step 1 wherein target 1§ caciured with the use of & cagture prote and a retnevanie
suppen In the form of a tead. The polynuciectCe tarpel sncludes areas celines as o', ', and ¢'. The
colynuciectios croce includes an args, "a” capable of binding to its compiement “a'" of the targel The
croce further includes a hganc capapie of Binding to an sntifigand asscaiatec witn the bead. As liustrated,
me figang of the prode ana the anuligand of the bead are COMpIIMoniary nomopolymaers.

In Step 2 of Figures 4, 5, ang 6, the target 1s sapasated from savransous polynuciectiges. impunties.
cellular matenal. ang soludilizing reagents rom samzis processing procadures.

In Stec 3 of Figures 4, S, ana 6, e isolated iarget 13 non-specifiably amplitisd to form a muyltitude of
amplification prooucts.

Figure 4. Steo 3. depicts ampification of 1he target ONA o form an amplification product sudect o
getecton. comciementary RNA, through the enzyme, core RNA polymerase. In Figure 4, Step 3. the
cacture Crope is comploxea or coated with recA proten o facilitate prode target pinding. Core RNA
polymerase forms RNA complementary o the ONA target tempiate. As the enzyme resds through the
target sequances. the RNA probe area "3 and subsequent new muclectide sequences are removed from
tne target which is able to Dind 1o new recA coated prodes form a multituge of ANA polynuciectdes
having an ares “c” which can be detacted. The integer “n*® represents a plurality of amplification products.

in the situation where the target is RNA, sucn as ribosomal RNA (fRNA) or messenger RNA (mRANA) the
target ANA can e replicated nonspscifically oy genaturing the RNA and subjecting e RNA to an enzyme
such as Q4 replicase or reverse transcriptase.

Figure § illusTates the applicaton of 3 two enzyme amplification system. In Step 3(8) of Figure 5, DNA
colymerase is used In Conjuntion with hexamer primers to gensrate ONA segments wnich are complemen-
tary to the target. In Step 3(b), core RNA polymerase is usaa 10 form additional RNA complements 10 both
target DNA and DNA target complements. .

Figure 6 illuszatss the application of an enzymatic amplification system based on the enzyme DNA
pclymerase. Thus, in stap 3(s). the target. separatad from extraneous polynuciectides, impurities snd
gebns. is subjectec to DNA polymerass in conjunction with non-spacific hexamer pnmers. The ONA
polymerase generates DNA segments which sre complgmentary fo the initial target. The new ONA product,
fermed from the warget DNA, is aiso a substrate for replication. The target and compiements are subjectad
to cycling steps to densture the target and target complements and 10 a0d new enzyme 10 crosts new
copies of the target and e target complement.

Following formation of the snzyme product. Stap 4 of Figures 46 illustrates capture of tha target and/or
snzyme product as previously described with a further props and suppont. The target and/cr enzyme
reaction product are amanable for further process staps including detecton.

An smbodiment of the pressnt methods may De practiced with an aid of apparaws sot forth in
schematic form in Figure 7. The apparatus includes the following major etements: at loast ons containment
vessel. means for controliing the association of & prode with a arget moiscuie and a relrisvadie suppon,
means for sepsrating the rstrievable support trom 2 sample ssiution, ang means for releasing the target
moiecule from the retrievabis support Tnesa major sisments May lake verious torms and are described
more fully below.

The apparatus will be daescribed below for illustration purposes as applying the methods described in
Figures 2 and 3 relatve 10 3 Wrget moleculs which includes 3 polynuciectide. Thus, at Station 1. 8 chinical
sampte is placed within the contanment vessal with solubilizing agents such as enactropic saits, enNIymes.
and surfactants in order to dissolve cellulsr matenal and r8igass nucleic acids. The containment vesse! may
include agrtation slements to facilitate the break up of colls. The containmant vesss! may include any type
of vesssl. tubs. cuvene suitabie for contaning Me sample.

in an insTument designed for atomated analysis. the apgaratus set forth in Figure 7 will pretfersbly
include means for recemng a plurality of containment vessels. For illustration purpcses. the containment
vessals containing the sampie aré analyzed saquentially. Thus, containment vessels ar® conveyed to a first
station and then to subsequent stations whers virious stsps of the assay metnod a9 performed.

The various swtions are linked by conveying means. Conveying means may incluge 3 rotambdle
{umtabie. conveying Belt, or the ke. As applied in a chinical hospital setting. conveying means may includs
manual movement Thus. hospital staf may obtain a Sssue sample from a patient and plece e sampls in
the containment vesssl. Sampie processing, including Me Drodkup of the tssue sample and iniba) mixing of
sonbillong agents and reagents would be intisted at becside and continusd as the containment vessel
waveled 10 8 subseguent station for further processing. References to stations are for Uiustration purposes.
Those skilled in tha art will reccgnize that canain stations or steps may be compined or reversed.
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Returning vow to the first stanon, sample and sciudilizing agents are placea within a ceniainment vesse!
in which an 3Qraton eiement thoroughty mixes the sample and soiubilizing agents, releasing nucieic acds
from ccliviar materiais. Conveying -neans carry the containment vessei to Slaton 2 where the contanmennt
vesse! receives reagent.

The reagent inciuces a first polynuclectide probe and a seconc palynuclectice orobe. The first and
secsnd Srobes are Capadls of forming 3 COMPIex with he target peiynucieotides n which both croves are
peund 1o mutualiy exciusive pornens of the target. Tre (irst probe i also capadle of dinding to 8 retnevadie
suppont under Dinding conditions. The second go:ynucieotide prode incluces a adel moiety cacadle of
detecticn. The reagsnt and sample nucleic 3CiI0 are denatured Dy a heatng element ano conveyed tw©
Statior 3.

At Staticn 3. e contsinmen: vessel recewves a first support depicted by open ciccles. Tha first suppont
is homogseneously dispersad witnin the sampie medium Dy Suitable means inchuding an agiation siement.
Exampies of suitable supcors include, without limitation, polystyrens beads, magnelc beads and other
partculats or filamentous sutstances. As illustrated, the first support inciuoes a magnetic bead having
polynucieotie antiliganas of oeoxythymidine (dT). The first probe Incluces a il perion cf deoxyadenosine
(dA) capable of binding 1o the first support during binding or Nybridization conditions.

Moving to Staticn 4 hybridization congitions are imposed upon the sample medium by cooling by a
cocling elgment. Howsver, tnose skilled in the art will recognize that means 1o atter salt concentrations can
De reacity substfuted for thermal controls. Thus. the target polynuciectide forms a complex with the first
and secona protes. Further, the homopolymer dosxyadenesine (GA) il portion of the first prode hybndizes
t0 the decxymymidine (dT) homopolymaer of the retrievabie support

From Station 4, the containment vessel i3 moved to Station S whers the revievadle support is
immobilizea on te wall of the containment vesse! Dy activating & magnetic aslement. If polystyrene beads
were supstituted for magnetic beads, the polystyrens bead would bs immabilized by filtering or density
difierences. The sample medium 15 dispesed of carrying with it most of the extranecus ONA RNA,
solubilizing agents, celluiar matenal, and impurities. The immobilized retnevabie support is washed to
turther remove extransous ONA, RNA, solubilizing sgents, caliular materials, and impurities.

Further. aithough it 1s illustrated that the retrievabls support is immobilized on the wall of the reaction
vesssl. it 1S aiso possible to remove the retrievabie support from e reaction vessel by a magnetic siement
and dispose of the first reacticn vessel containing with it extranecus ONA. RNA, solubilizing agents. and
cellular material which may be nonspectficaily bound to the raaction vessel walls.

The retrievable suppon is placed in a second medium, either the same containment vessel or & new
containment vessal. The containment vesse!, containing the retrievabie suppont in & second madium is
carried to Station 6.

At Station 8, the second medium is brought 1o denaturization condisons by suitable means including a
neating element. The denaturizetion process reieases the target-first and second-probe complex from the
(oT) nomopolymer of the retrievadble support. The first support, potentisily carrying extranecus ONA, RNA,
impurites. ang celiular matenial, is removed from the second medium. if desired, amplitication swmps may be
applied to the urget now substantiaily free of impurities, debns, and non-target polynuciectides. Ampiifica-
ton steps may include the generation of an amptification product with enzymes such as, by way of
sxampte. DNA polymerase, ANA polymersse, transcriptases, or QA replicase. In the event the amplificadon
product is not the target molecuie, the second probe is directed to the amplification product as well 2s a
third capture probe which takes the place of the first probe. A background support 1§ then brought into
contact with the second medium and passed to Station 7.

At Station 7 a cooling siemertt brings the second madium to nybridization temperatures. The back-
ground support includes a second antiligand capadle of specsfically Binding o a ligand carried upon the
sscond probe. For axample, without himitaton, s terminal nuclectide of the second probe can be syn
thesized to be a nbo gerivative which spacifically Dinds 10 DOTals Moty camied upon the sscond support
The second prebe bound to the target as part of 3 prooe taget complex will ROt bing 1o the borats camed
upon the tird suppon due o stesric hindrances. However, undound sacond probe will specifically bind 1o
Me borats support. Alternatively, the sscond probe may include a homopolymer such as decxyCytosms
{dC) which bings t a deoxyguanine (dG) hemopolymer linker on @ second suppert The lsngth of the
hamogolymers are designed such that complsxes of the targetfirst and second proes with the second
suppon we not stable; however, compiexes of the second Probe alone with the secand support are stable
within reaction parametars. Indeed. Background capture binging of background support t unbound sacond
probe can be irreversible.

Next, the conminmant vessel comaining the second medium and the background support i conveyed
1o Station 8 wnare the background suppont having Second probe strands unbound 1o e targetprobe
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2amplex 1S separated trom the sscong mecium. Separauon of the backgrounc support removes nonspscific
bacxground noise frem the meaium.

As illusrated. backgrounc capiure is cflested upon Dsagds. However, those skilled in e an will
recognize that the inial purificagen of (he target-first and second prode somplex from the climcal sampie,
removes all or most solic ¢sbns liowing Sackgrouns capture on fiter or membrang supports through which
the seccnd mecium can te flushed.

From Stauon 8, tha purified medium containing the target-grebe complex with reduced Background iy
conveyed to Staticn 8. At Stagcn 9, 3 ‘hird supcorn. 3eoictecC as 2 membrane of fiter. is brougnht into contact
witn the second madium which S Brought to Nybngization tamperatures by a hedting element. The thirg
sucoor: incluges first antiligand moenes wrich Bina to the first ligand moieties of the first proce. or it an

- amplification procuct 13 generales in previous SWPES. o 8 first ligang moiety of a thirg probe airectsd c the

amplificaton procuct. Thus, f the first ligang moiety ot the first probe is of a homopolymer ¢! geox-
yadenosing (JA), the third support may include homopoiymer of deoxythymiging (dT). As illustrated. the
TUra suppor inciuges filters or memoranes through which the sscond mecium can be flushed. however,
peads or pastictes may also be used. The third supporn serves to further concentrate the target-first ang
secong prote compiex and permits further reduction of background and intertering matanals whicn do not
specifically bind 1 the thire support. Moving to Stason 10. the third supporn concentrates the targst-first and
s8cond grobe compiex allowing detection of label moisties carmed upen the sscond probe.

The presant invenucn is further described in the following typical prccedures and sxperimental
exampies which sxemplity leatures of the preferred embodiment.

|. Prccedures
A. Materiais

Al resgents were of analytical grade or bettar. Magnetic teads marketed under the tragemark BIO-MAG
containing functional amino groups wers obtaned from Advanced Magnstics. inc. of Cambrniage. MA.

in the present axampis, ail [abeled nuciectides were cbtained from New Englang Nuciear. The enzyms
terminal deoxynuciestidyl transterass (TDT) was obtained from Life Sciences. Inc.. St. Petarsburg, Flonda.
The oligonusiectidge pdT:o was obtained from Pharmacia PL Biochsmicals.

B. Synthesis of Probes

The foliowing sets forth typical protocots and methods. Refernng now to Figure 8. two probes were
constructed 10 the sense strang of the enterotoxin gene elt Al of Escherichia coli, in accorgance with the
censtructional mag, Figurs 8, of Spicer, E- K and J. A. Noble, 1982, J. of Biological Cnem. 257, 55716
§57%1.

One st of probes was synthesized beginming 8t position 483 of the gane sequence and extending
onward 30 nuciectides in length, herainafter referred to as the A483 probe. A second probe was
synthesized begmning &1 position 532 in the gene sequence and extending 30 nuclsotides in length,
nereinatter referrad 1o a3 the A332 probs. A third probe was synthesized beginning at position 726 in the
gone sequence anc extsnding 3 nuciectides in 1angth, hersingfter reterreg to as the A726 probe. The
specific base sequences (5’ to 3') are set torth in Table 1 below:

Tabie |

Probs Seguence

A483 |AGA | CCG |GTA | TTA | CAG | AAA | TCT | GAA | TAT | AGC
As32 | AGA | TTA | GCA | GGT | TTC | CCA | CCG | GAT | CAC | CAA
A726 | GTC | AGA | GGT | TGA | CAT [ATA | TAA | CAG | AAT TCG | GGG | GGG | GGG

The probes wers syntnesized Ty Memocs availadie in the an. The numbering system is adapwdg from the
768 nuclectide saquence svailable firough Intailigenetics sequence bank ECO ELT Al.

Of the ten G resicues at the 3 prime end of probe A725, three guanine Dases towards the §' onc are
capable of binging to tree complementary cytosine bases of the Wox gene. Stretches of three cytosines an
commen in ONA. The ten guanine bases form a ligand capable of binding © 8 poly C antiligand camied
uPON 3 SUDPGN such as oligo dC-celluicze. Howaver, seven-guanine bases will nat form 3 stable association
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with ¢ support at 37 C, particuiarly if the Srode is dound to target due to steric hinarance an¢ e ize of
the larget-prope compiex. Proos A726 was mogifies by ™e random addifion o! approximately three
rasidues of 2P-gC and ¥P-1G (0 113 I erg with tarminal gansferase. :

Those skiiled 1n the a:l will recognize that other probes can 0§ readily synmesizec 1o other tarpet
moiecyles.

C Precarauon

Tne target in Example Nos. 1. 2 and 3 is the @nterctoxin gene olt Al The enterctoxin Geng eit Al is
carneg 8s pan of the plasmid EWS-299 ottaned from Siantorg University.

in Exampie NC. 1, eateroloXIGenIC Dacteria were grown o 10g-0Nase 1n Luria broth. The enterotoxigenic
paciena wers lysed ang Me plasmid EWD-298 igoiated. The piasmid EWD-299 was further digestso with
the restnction enzymas Xba | ang HIND IIl. A ragment of 475 base ienGth was used 33 a target and guritisd
py eiectro-eiyticn from a 1 percent agarcse gel. in order o follow e fficiency of capture steps. the
fragment was 5’ end !aceisd with 33P-ATP with the anzyme polynuciactide xinase followirg manufacrer's
instructions.

In Exampte Nos. 2 ang 3, the enterotoxigenic bactena and wild fype nonentsrgtoxigenic £. coli JM83
were ssparateiy grown to log phase. The wild type £ coii serves as & convol. Sgparate extracts of
enteroloxigenic Dactena and wiid type bacteria were prepared by substantially solubilizng the ceils in
cnaotrapic seiutions. Thus, the Dacteria cuftures, in Luria broth, were agded to sclid guanidinium thiocyanate
{GUSCN) 1 a concentrauon of SM GuSCN, Tris-HC] 1o 3 concentration of 0.3M, and EDTA (pHT) to a
concsntration of 0.1M. The chactropic-pacterial solutions were then heated to 100° C for five minutes and
coolad. Tha rasultant enterctaxigenic bacteria sxtract was serially dilutea with wild type nonenterctoxigenic
bacteria extract The concentation of tox plasmids per cell ang e cell numpsr in the extracts wer:e
measured by conventional techniques. The original axtracts solubilized in GuSCN containgd approximarely
10 enterctoxigenic E. coli per mi and 100 plasmigs/cell.

D. Synthesis of Beads

Retrievabie supports were prepared from magnetic beads. Other retrievable supports include particles,
fiers, polystyrene beads or sther iterns capable of physical sepasation from a mediumn. Magnetic beads
wers Synthesized with an adduct of deoxythymidine of ten base length 10 llow the beads 10 associate with
probes talled with deoxyadencsine in a readily reversibie mannar. :

Thus, 100 mi of beads having amine functional groups such as BIO-MAG? (M4100) beads were
wasned four imes with 20 mM sodium phosphate {pH 6.7) in tour 275 mi T-flasks. The beads were then
washed with 1% giutaraldehyde in 20 mM sodium phosphate. Next. the beaas were reacted in 100 mi of 10
percent glutaraidenyde in 20 mM sodium phosphats (pH 6.7) for thres hours &t oM @Mpersture. The
beads were then wasned exiensvaly with 20 mM sodium phosphats (pH 6.7) and then washed once with 20
mM phosphate (pH 7.6).

Separately. a purified ethylene diamine (EDA) adduct of pdTio (EDA-dTio was prepared in accordance
with Chu. B.C.F.. G. M. Wahl, and L E Orgel; Nucieic Acid Ros. 11, 8513-8529 (1983) incorporated by
reference hersin. The concentration of EDA<GT1o was adjusted to ! OD/mi in 20 mM phosphite (pH 7.8).

The EDA«ST:o was compined with e magnetic beads to allow the EDA-dTio to react with the free
aldehyde groups of the beads. The mixwre of EDA-dT:o and beads was diviged into 8 plurality of SO mi
poiypropyiene nbes. The tubes comaining the resction muxture and baads were placed in a tube rotator
and agi@ted overnight al room WBMOBATUTe.

Next. the beads were washed five times to remove noncevalently bound EDA-dTi5 with » wash sciution
of stenls 20 mM phosphate (pH 6.7) 1n Isrge 275 m! T-flasks and dilutsd to 200 m! with the wash solution.

For storage. beads can Ds maintained for months in a buffer of 20 MM phosphats, T which 15 added
sodium azide of 0.1% ang SOS 1o 0.1%. Bead proparations are siored &t 4 C protectad from fight

The beads were then prenybridized to block nonspecific binding sites in & bufter, hereafter nfermd o
as ‘prehybridization buffer®, of 0.75 M sodium phasphate (pH 6.8), 0.5% sogium lauroyl sarcosine, 10
micrograms/mi £ coli ONA, 0.5 milligram per milliiter mg/m! bovine serum alpumin (BSA) (Nuciease-free)
and 5 mM emyieneciaminetetraacetc acid) (EDTA). Befors applying the probes and beads 1o target caohure
procedures, two pronybridizauons of the beads were performed. The prenybridizaton procedure included
placing the beads in tan volumes pranybndization bufter. )

The first prenybridization procecure was performed with agitation st 60 C. The sscond prehytridizaton
procsdure was performed al room temeprature with swrling. A 0.1 percent iscamyi alconol sontion was
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acged 1o the scutions as 3 cefoamant.

The vinging capacity cf dTic-Oenvatized beacs was measured Dy the following procndure. In separate
vessels. dTse and JAg: were S erc lapered with 2P-dT and 33P-gA respectivaly (0 8 specific activity (Sa) of
apout 10 gpm/microgram. Next, tne Sa was accurately measured for 3 known Quantity of reactad dTso Dy
richigroacetic acia precipitation.

Nex:. § ug of 2P-gAso and § ug of ¥P-dTsp, having substantially igentical Sas of between 100.000-
200.600 oprmimg, were separatsly adged 10 tutes Conluning prenybridizauon buffer and orougnt to a
vclume of 1 mi.

A known samcte volume of prenybndized beacs was placed into four tubes. Two of the fovr ubes each
recsive 0.5 m of the 35.dAss MiXTUrE angd the remaining two tbes raceive 0.8 mi ot the HP-aTse mixture.
All four solutons are brougnt to nybndizsmon cendibons for five minutes. The beads ars thereaftar
\mmeoiized ang washed. The actvities of the solutons are then monrtared. The total binging capacity. C.
for a quantity of peac precarstion measursd in micrograms is set forth below:

C = VIA- TVX

In the above equation X 15 the specific activity of ¥P<dTso in cpmvmg, V is the voluma ratio of total
volume o sampie volume. A i1 the average activity of the Desds suspenged in 2P-gA soiutions in com, and
T is the average actvity of the beads suscended in 2P-dT solutions in cpm. :

Those skilled in the an will recogrize that omer desds, particies, filaments, and the like can be
formulated with other nuclectide combinations or homapolymers. For example, polyA-gervized bescs were
preduced by suostituting (for the purifiec EDA sdduct of dTio) 4 solution containing 100 mg poly A
(mw> 100.000) in 50 mi of 20 mM scdium phosphate (pH7.6).

€. Target Capture Procsdures

Bead preparstions were usad to capture target poiynuciectdes. The foliowing sets forth a typicel
expenmental target capture protocol demenstrating ratrevable supports and reversible captures 'or pur-
poses of iliustration, without limitation, the procedure will be discussed using a first probe A4BJ and 8
second probe A532. The first probe. A4&, was randomly 3' end labeled with 2p.gCTP and 2P-gGTP o a
specific ragioactivity of about 10'° epmumg. The second probe, AS32. was taied with about 70 uniabeied
dA residues by the enzyme t8rminal ransferass. .

First, 200 w@/mi of [abeled probe A483 an 400 ugml of tailed probe AS32 were mixed with varying
amounts of & heat-denatured 47S mer Xba RHIND Il restricton fragment of the entsrotoun gens &t 8s°C
tor 15 minutes in 1.4M sodium chioride. .

Next, targst capture was ininated by contacting the medium containing the target and probe moieues
with an aliquot of dTig-magnetic beads having 3 microgramemi of dAso pinding capacity tollowing
prenybridization procedures to reducs nonspecific binding o the magnetic bead. The magnetic bead snd
e probe-target compiex was incubated &t room temeprature in 0.1 mi prenybridization butter in § ml
polypropylene tubes for two (o five minutes.

The tubes were placed into a Coming tubs magnetic separator. The Coming twbe magnstic separstor
upon activation imposas a magnetic field through he polypropyiens tubes which immobilizes the magnetc
besds on the inner walls of the twbes. During the time that the magnetic besds ¥e immebilized on the side
walls of the polypropylens tubes, the criginal medium was regmoved and giscarded.

While immabilized. the beads wers washed three times with 0.8 mi of prenybridization bufter containing
.s0amy! aicohol as 3 defoaman. Foliowing he addition of the prehybrigization bufter, the beads were
resuspended Dy removing the tubes fram the magnetc figid and by subjecting the medium (0 wgorous
vontexing.

Next, the magnaetic field was reapplied 0 /mmobikze the beads allowing the prehybridization butfer to
pe removed ang discarded. The cycle of adaing e prenydridization buffer, resuspending the Deads,
immobilizing the besas. and ciscarding the prehybndization bufter was repeatsd twice. Target-probe
complexes heid on the beads are available for turther processing including additonal staps of detaction,
background Capture or turther cycies of target capture.

A preferted target capture procecure includss reisase of the rrget-probe compiex and recapture on ]
$econd support Preferably the supoort is chemically distinct from the first support

Reiease of the targel-probe compiex is effectsd in the foliowing typical pratacol. After the removal of
tne last prehybridization buffer. prehybridization buffer was added to the fuDe comaning he beads. The
teads were incubated with agitation s 60°C for one-two minutss 1D releass the probe-target complexes
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l:om the bead The Magnetic separator was again actvated with the temperaturs at 80°C anc the eiutts,
containing free trgetprabe complexss. is femoved from the tube. The sluate can be recaptured on
aggitona retnevable SULLORS Or sudjectad 1o final capture on ccrventonal suppons. it will be recognized
by thcse skillgd n the art that the cacture and reigase of the target prode complex from retnevabl:
suppoMs such as the magnetic beads of the present exampie can oe repeated as ofen as desred to
recuce hyericizaton backgrounss.

Tinal saglre of the probe-rargst Comoiex was typically performed on nitreeeiyiose filters or nylen
membranes contaning nonspecifically bound of covalently bound dT-300C. Thus. the larget-crobe com-
slexes sarmed upon the magnenc beads were reigased from the magnetic Deacs by neating the deads 1o
60°C in prenybnaization bufter for two minuies. The beags were immobilizea and the eluste removed and
passed through 8 0.2 um acrocisc (Geiman) to rémove magneuc fines. The nitrocelluvicse flter contaimng
dT-3000 selectsa. bound, and capturec ths cA tail on the uniabeled probes.

The use of a chemically ditferent solid support for the final capture of e target-probe complex avoias
tinging background molscules which may have 3 high affiruty for previously used supoorts. By way of
illustratuon, it is possibie for lower tavel contarminants with 3 natural hugh affinity for 3 oaracular supoont ko]
repeatedly bind ang eluts with a suppon along with probe-targst complexss. Such low level contaminants
cannct be dilutea out by repeated use of 8 retrisvable support of the same composition as compietsly as
by exposing them to suppornts of very ciftsrent compositions. Low level contaminants an &30 be low@red
py utilizing chemically gistnct means to reigase the t@arget prode complexes from supports and recapture.

F. Background Cacture Procecdures

Backgrend capture procegures permit the selective reducton of background noise permitting the
getecton of tue signal indicative of the prsence of target. Background capture can pe applisd in a mngle
probe system of in Systems using moré than two probes. Ear example, in Dackgrong capture procedures
featuring a single prope, the proce includes & label morsty and 3 ligand. The prode ts capabis of binging %©
a argst ang e ligana is capacle of forming a stable bond to a support only when the probe is unbound t©
target.

Similarly, by way of example, background capture procedures featuring muiticle proves in conjunction
with target caoture include two probes. A first target capture prooe, having an uniabeled ligand capabis of
pincing o a first suppont is used (o capwre the target and 3 second baciground capture probe, ngving a
label moiety capable of detsction inclyces a sacond ligand capadle of binging t0 a second backgrond
support. Background capturs is a valuable supplament to target capture for enhancing the signal to noise
gaa of an assay. :

The tollowing sets forth a typical background cagture protoes! using a first target captre probe AS32
and a sacond background capture probe A726 and a target énterctoxin gene it Al Those skilled in the art
will rgcognize that the proves ussa for demaonstration purposes are merely 8 mater of choice. Other probes
could be used aiso. '

The orobe AS32 was tailed with approximatsly 100 dA residues capable of reversibly binding 10 dTie
covalently linked magnetic beads tor inftial target capturé and dTse00 nonspecifically bound to nitroceiluiose
tor & final target capture. The probe A726 was end labsled with the random addition of approximataly three
rasidues of BP-C and 32PdG to the 3 end with tarminal yansferase. The probe A728 is capable af binding
to dC-cailulcse whan the prode 18 not hybridized to target.

A sciution containing the targettirst and second-probe-complex and potantally containing unbound
second probe is mixed with dC-callulcse and the temperature of the mixture maintaingd &t 37°C. The
temeprature. 37 °C, ig nigher than the dissociation emparature of aG; with oligo dC, preventing binding ot
the targetfust and sscond- proce-complex to the dC-cellulase. The temperature is 8iso lower than the
aissociation tempaergture of 4G with sugo dC to promote binding of unbound second probe having 3 86
il 16 the dC-calluioss. Additicrally, The target-first and second probe complex is stencally hincered t0 a
greater degree in its approach 1 the aC-callulose support than unbound second probe. The ac-allumg
containing the second probe A728 is removed by cantrifugation, however. those siiiled in e art will
appreciate hat other metncds such as filration may be ussd as well. The remaining ehate conans target-
first ana second probe cOmMpiexas and 3 reduced concantration of unbound Iabeied sacond probe A728.

G. Exampies

Individuals skiled in the art will recognize that the typical protocols for retrigvable suppont wgpuaﬂon.
probe preparaucn, arget capture and background capturg are capatle of madification to suit special nesds
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ang gurpesss. The foliowing exameies incorporate (e typical procedurgs cutlined abové unicss ctherwiss
notad.
Example !

Target Cacturs ano Assay Using Magnetic Bead

A target caoture assay was performed with twe probes and a magneuc besd retrievable suppont. The
target inciuded tne Xba i-Hina 1l fragment of the emerstoxigenic gene et Al. A first prooe included an A532
thirumer Shigonucisohde prooe which was tailed with 130 uniskeled oA residues capable of binging to the
dTy5 resicues of the magnenc beaas support. A second probe inciuded an A4B3 thirtimer oligonucisctice
proce cacasie of binging o the same target 20 nuclecuaes downstream from the site of hybridizatien of the
tirst orobe. The secena probe was labeied by wmiling the trimer oligonuctectide with YP-aCTP ana zp.
2G72 10 a specific racioactvity of 10'¢ DPM/microgram.

The tailed first prote and the laDeled sacond probe were incubated at 85°C for 15 minutes in14 M
sccium chioride with vancus quantities of heat denatured 475mer restriction fragments of the tox gene. As a
norspecific binding packground control. the tailed first probe and labeled second probe were incubated in
idgentical solutions in the atsence of sny target As specific binding controls, two acditional resction
mixtures werg formed. One reaction mixtur included the tailed first probe and the uniabsled second probe
\ncubatea with four micrograms of denatured E. cok ONA. and 3 sacand reaction mixture of the tailed first
probe and the lapeled second probe Incubated in ten micrograms of denatured human DNA in identical
reaction muxtures without any target DNA

After 3 15 minuts hyondization period. the sampies were incubated for five minutas with dT-dernvatized
magnetic beads in 0.7 milliliters of 0.7$ molar phosohate bufter (pH 8.8). The beads ware magnetically
\mmobilized ang washed extansively as cescribed previously. The target-probe compiex was sluted from
the Deads at 60 C in 0.8 millititers of 0.20 moiar pnosohats bufter (pH 6.8). Tha first set of beads was
separalec from the siuate and the target probe complex. A second group ot magnetic beads was added (0
tne sluste and brought to binding conditions to capture the trget and probe complex again. The second set
cf beads was washed ang the target again oiuted from the desds and the beads saparated frem the sluste.

A thrd set of beads was added 'o the eiuste containing the target-probe complex and placed under
Binging conditions to allow the beads to once again capture the target-probe complex. The Deads were then
wasned extensively anc the target eluted from the bsads 8s previcusly gescribed. The beads were then
separated from the cluate and the eluzte passed through dT, s000-Rylon into two millimater square siots.
casturing the targst-probe compiex.

The dTasso Nylon memorane was prepared in wnich 2 ug dTi0ec was covalently bound to nylon using
a hybresict apparsws (Betissda Research Laboratory). Briefly, dTasoo (Life Sciences) was dotsd directly
onto a nylon membrane such as Gene-Screen™ (New England Nuclear) in a sait-free Tris putter. The
membrans was dried 3t room temparature for 10 minutes, and then dried under an infrared tamp for an
sagitienal 10 minutes betcre cooling back  room temperature tor another 10 minutes. The filter apparatus
contaning the Nyion membrane was inverted on 8 uv-ransilluminator (Fotodyns) and exposed to uv fight tor
two minutes at 40uW/em? o cross-link the dTseco t0 the fitter. .

The dTseoe Mmembrane was prehybridized by sequentially passing the foilowing solutions through the
membrans:

- (1) 1% SDS:
(2) 0.8 mg/m! BSA in 0.5% SDS; and, finally,
(3) pranybndizaton butfer

The dTseoe-nylon potentially contsining the target-probe complex was washed with 0.2 molar sogdium
phospnate and 5 millimolar EDTA. The nylon sugoon was monitored overnight by audicradiograpny tor the
prsence of the 2P labg! moisties of the second prote. Following avdioradiography, the bands were cut out
of the filter and conted n base scintiiiaton fluid. The counts were 2100 and 1400 counts per minute in the
solution containing three femtolomes {(10="*moles) of a restricion fragment comtaining the tox Qens.
Samples comaining 30 anomotes (10-'Ymolas) of the restriction fragment containing the tox gend produced
2 count of 62 counts per Minute.

A third sampie containing no DNA produced seven counts per minute. A fourth sample containing ten
micrograms of heat denatured human DNA produced 0 counts per minute. A fifth soition containing ¢
micrograms of hest Ganatured E. coli ONA proguced 7 counts per minuts. The absolute sensitivity of the
protocol was estmated to be 10™'% mols of x gene. The overall efficiency of the recovery of labeled
tasget-prooe compisx was estmutad © be 1 to 2 percent of the input The assay demonstrated good
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specificity. Thers is no more laocise probe i the sampies scmaining hurnan DNA or E. coli DNA than n
the sampie comtaining no DNA at aii. Repetticn o! the experimental pretocal has produced overdll ellicency
of capture of thc targel of aimost § percent Thé procadures reduced tackground from an initia! ievel of
10" malecules o! e labeled unhyandcized probes 10 about 10° moiles. The reduction and backgrond
represents a 7 \cg improvement whicn more Man adsuately compensales for the reguctcn and efficiency
of capture.

Example 2

The presont sxarmple teatures targst capture with packground capiure. Target and backgrounc cagture
was sffected using an uniabelag Srst tasget capture probe. AS2 as describec in target capture. and 8
secand labeled bacxgrong caoture probs A726.

First, 160 ng/mi dA-tailed A532 and 40 ng/mi 2P.iapeled probe A726 were csmoined to form a prode
mix. The oroce mix was added to 5 ul ¢l bacterial extract containing various amcunts of snterctaxigenic
gene. The exmact-orcbe mix was incuoated at 22°C tor 15 munures.

After a fiteen minute hybridization penod, the samples were diluted with ten volumes of prenybndiza-
tion butfar incutated for five minutes with dT-derived magnetic beass in 0.7 mi o .7SM pnospnate butter
(pH 6.8) to effect wrget capture. The beacs werd magnencally immcbilized and washed extensively. The
target-first ang second probe compiex was eluted from the lirst support as previously dascriced and the
tirst solid support removed.

Next. the eluate comaining the target-first and second-probe-complex and potentially comaining un-
bound second probs was mixed with dC-csliulose and the tempeature of the mixwre mamained at 37 C.
The temperature 37° (is higher than the dissociation temperature of dGy with oligo ¢C o prevent tinding of
the target-first and second- prode-compiex o the aC-cellulose. The tamperature was also maintained lower
than the dissociation tamperature of dGio with oligo dC to promots pinding of unoound second prode
naving a dGio tail to the dC-ceilulase. The target-first ang second prebe complex is stenically hindered t0 3
greater degree- in its apgroach to the dC-celluiose support than unbound secons probs. The aC-cellulose
was removed Dy centritugaton, however, these skilled in the art will agpreciats that cther methods such as
fitration may be usad as well.

The remaining eluats was passed trough a 0.2 um acrodise (Geiman) to remove magnetic and
cellulose fings. Then, the eluate was passed mMrough mirocelivicse fiters contairing dT3000 8t 22°C. The
nitroceiluiose etfected final target capture.

Tabie 2 sets forth beiow the application of background capture:

Table 2
Steo Signal (CPM) | Noise (CPM)
First Expeniment
Before Target Capture (unknown) 200.000
Atter Target Capture 1058 F=}
After Background Capture 485 25
After Filtrgon 39s <1
Second Expenment
Betore Target Captre {unknown) 400.000
After Target Caoture 1588 842
Aner Background Capture 1084 69
(Filtragon step was not performed)

The removal of noise to iess than 1 cpm allows the detecion of very smail quantiies of et within &
sample. As litie as 10='% moles of wiget have been catected which is within the range necassary 10
clinical applications. '

One round of target capture removed about 3 Iogs of background. Ons round of packground capture
removed 1 log of background not aiready rémoved Dy the pnmary target capture. Fingl target capture oy
filtration (a secong round of target capture) removed 2 logs of packground not removed Dy either of the first
wo steps. Target and backgrond capture mathods work indepsndently t reguce backgrounds dy about 8
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1cgs in this example. Backgrond capture appears ‘D work better when acpited aher 3 first target capture.
Agparently backgrond sapturé 1s much more ssnsitive 10 impurities In the sampie than target capture.

The compinauon ol backgrond capture follomng terget caplure proguces -a grester penefit han either
apohec alone.

Atnough the ‘oregoing exampies recits ragicactive label moisties, it is expected that the present
procccure would have its greatest impact on assay proceduras utilizing nenradioachve label moeuss. in
carticular, tne prasent inventon would be agplicadie o luminescont lapel moisties including fluorescent and
chemilumingscent agents. Suitable flucrescent laDeis inciyge. Dy way exampte without limitauon,
fliygrescein  pyrene, acriding, sulforhodamine, ecsin, erythresin, ang  derivatives thereol. Suitable
chemiluminescent agents include, by way of exampie without imitation, mcroperoxigase. luminol,
iSOIUMINGI, QlUCDSe CxiCase, aCranium @stars and cervauves thereot.

Examcie 3

Tha tollowing examcle feawres ncnradioactive Jabel moietes and muitiple reunds Sf targst caoture trom
soikeg piclogical meaia. The spiked moicgical media resembies sampias which would be obtaingd ctinically
in a meoical sstting.

Call sxtracts of entsrotoxigenic E. coli and wild type E. cofi were prepared as orevicusly gescribed. To
measure the sensibvity of the detection of tox genss in an snvironment anaiogous 1o a clinical setting,
extract contaiming ioxigenc bacteria was diluted with the extract containing the wild type E. coli as
previously descridad.

The foliowing materials were obtained from anonymous donors: numan stool sampie, cow's milk, human
saliva. human phiegm, human whole blocd, numan serum. human urine and human seman. Clinical-type
sampigs were solubifized over a Gme period of BN MINULS. The stool sampie. due to its solid nature, was
solubilized in a soiution of 5 M GUSCN, 0.3 M Tris-HCI (pM 7.4), 0.1 M EDTA (pH 7). 1% bstamercap-
cetnancl. Following solubilization, aliquots of the sampie were made ang each aliguot was spiked with 8
Kknown Quantity of either toxigenic E coli or wild type €. coli. The moaura was then passed through a crude
Sitration Bicrad Econocalumn) and heatsc to 100 C for five minutes.

The remainger of the samples were more liquid in nature and wers handlad differently than stool. Liquid
samples were added to solid GUSCN to make the final concentration 5M. The sotid GUSCN aiso contained
sufficient Tns-HC!, EDTA, and betamercapiosthanc! to make the final concentrations the sams as in the
0! example. Next, aliquots of the samples were made and sach aliquot was spiked with a known amount
of toxigenic E_coli or wild type E. coli. The mixtze was passsd though 8 crude filzation (Biorad
Econocoiumn and heatad to 100° C for five minutes.

The preparation of probes in Exampis 3 ciffers from previous examples. A first capture probe was
generatad with the piasmid pBRA22. The plasmid was restricted with Hha | and Hae Il and plasmid
fragments wero Wiled with about 100 dA [esiduss with tarminal ransferase. The target plasmid conains
extensive homoicgy with pBR322 (Spicer and Noble. J.Bicl 257: 5716-21). Thus, first capture probes were
generatac from multiple fragments ot both strands of the plasmid pBR322 in relatively large quantves.

A second labsl probe was mads to compine specifically o the target smtsrotoxin gene. The second
label probe was generated from an EcoRkHind restriction fragment of the et Al gens cloned imo
pacteriophage M13mp18. The E. coli HB101 was infected with the bactsriopnage and grown 1o midiog
phase. The E. coli wers harvestad, ang the tacteriophage were isoiated. Bacteriophage was nick-Usnsisted
with biotinylated dCTP (Enzo Biochemicais) using 3 stock nicksranalation kit avaiable from Bethesca
Resesrch Laboratones. Agproximatsly tfive percent of te nucleoctdes were replsced with biotinyl
nucleotides to form a biotin-labeled second prode.

A probe mix was made by combining 8 Lg/mi of the second M13-tox probe with 4 ug/mi of the first dA-
tailed first probe in 20mM TriseHC! (pH 7.4) ang 2mM EDTA. The probe mix was heated to 100°C for ten
minutes to denature the probes.

One volume of the probe Mix was mixsd with one voiume of sampie of the dilution series to form 8
hybridization mixture. The hybridization muxture was maintained under hybrigizaton conditions at §7+C tor
fifteen munutes. The hybridizabon mixtures were subsequenty giluted with ten volumes of blocking buffe'
(0.7SM sodium phospnate. pH 6.8, 0.5% sodium laury! sarcosine, 10 mg/mt E. coli DNA, 0.5 mg/mi bovine
sarum albumin (BSA-nucieass free) and SmM EDTA). To the hybridization mixture were added dTe
derivized magnatic beads prepared as previously descrived. Hybridizaton conditions were maintained
spproxmatsly one minute at 22°C. The beacs were then separatad from the hybridization morure by
magnetically immebilizing the beads. The beads wers washed twice guring a fifteen minute tme interval to
remave impurities in he biclogical specimen and unhytncized bictin labeled second prode.
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Next, in a time period of approximately one minuts. the fust and sscond prode-target Complex was
eluated from the magnatic baads at 65 C in biceking dufter. The eiuate and tha first beads were sparated.

In 3 ume pencd of approxmately seven minutes, the first ano second probe-target complex was
reieasibly bound %o a second set of Deads and again relesseo. A sacond set of dT1o dernvized bescs were
then addec (o the eiuate and hybridizstion conditions maintained for approximately ane minute at 2C.
The beags were then washen and resuspended in biocking buller. The bead biocking butfer mixture was
then brougnt to 85 * C to reicase me first and second probe-target complex.

Over 3 time period of five minutes, final capture of the first and second probe-tasget Compiex on
niracallulose was effectsd. The eluate from the second beads was filtered through 2 Gelman scrogisc 0.2
micron). The eluate containing the first and second probe-target complex was then passed nrough a éTz00
nitroceiluloss filter (grenybricized with dlocking sufler) at 22°C. '

in a Yme periog ¢f agproximately thirty minutes te filter was further processed to getect the piotin
labels ¢f e sacond probe. Bufter ccmpositions used in detection are identified beiow in Table 3.

Table 3
Detecton Buffers
Butter Numbper Composivon
1 1 M NaCl. 0.1 M Tris-HC! (pH 7.4), 5 mM MgCla, 0.1% Tween-200
1 Ne. 1 with 5§ mg/mi BSA, 10 micrograms/mi E coli DNA
2 No. 1 with §% BSA, 0.5% Tween-20
3 0.1 M NaCl. 0.1 M Tris-HC! (pH 9.5), S0 mM MgCl

First, the filter carrying the first and second probe-target compiex. was incubated for approximately five
minutes in datecton buffer No. 2. Next, the filtar was incubated for five minutes in a 1:200 dilution of
stepavidin-alkaline phospnatase (Bethesda Ressarch Laboratories) in datection butfer No. 1a. Theraafter,
e filter was washed three Limas in one minute in detection buffar No. 1 and (hen wasned twice in ong
minute in datection butfer No. 3.

Next, S-Bromo-4echioro-Yindoly! phosphate (BCIP) and niroblue tetrazelium (NBT) (Kierksgaard and
Perry) wers diluted twelve tmes in detection bufter No. 3. ana filtered through a 02 um acrodiss. The
diluted BCIP and NBT solution was acded to the fitter and color sliowed to Gevelop for fittesn minutes at
a7°C.

Next, the fiter was incubated in 50 mM Tris-HCI (pH 7.4) and 10 mM EDTA for one minute to stop the
reacuon. Sensitivity was dstermined visually on the filter or by densmiometric scanning on 3 Cs %0
(Shimaazu Scientific).

The staps in the present metnod are outlined below in Tabile 4.
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Table 4
Eispsec Time
Step Numper Tims Reguirec Cumuistve
{min.) Tirmed (min.}
1. | Dissoluuen of biciogica: sampie: genaturanon of 1C 10
DNA
2. | Aad labeieq ard uriabsisc prodes; hybndize in 15 25
sulution at 57°C
3. | Capture probe-larget complex on magnets Deacs 1 26
4. | wasn magnetic beacs to remove impuntes in the 1§ 41
piclogical specimen ang hysnazation backgrounds
5. | Etute tne probe-target compiex 1 42
6. | Repaat staps 3-5 on a second set of beads (except 7 48
atbreviale the wasnss)
7. | Bing the probe-target compiex to S
dTagzaenitroceiluiose
8. | Incubste fiiter in blocking buffer S 59
9. | Bind sweptavidin-aiksline prosphatase 5 g4
10. | wasn 5 €9
11. | Adg dyes to detsct enzyms 15 84
12. | Qusnch reaction 1 85

Altnough Tabie 4 set forth an example whersin the elspsed tima is just ovar ane hour. the procedure is
capatle of modification and can be performed in shorer times. Nonradioactive probe asssys of comparabie
sensiivity may require twelve hours to savers! oays and require sxtensive sampie preparaton.

The sensitivity of the presert assay is set forth in Table S bsiow:

Table §
Sensitivity Level |
Biological Specimen Concentration in the Hybridization Mixture | Number of Bacteria
bacterial extract aone 1500
human stool 2.5% (wN) 2000
cow's milk 12.5% (viv) 3000
human saiive 12.5% (VW) 3000
human urine 12.5% (viv) 9000
human ssmen 2.5% (VvV} 8000
human biood 12.5% (VW) 8000
human serum 12.5% (viv) 9000
Ruman phiegm 12.8% (vW) 8000

Further, the present procscures ao capable of
example. a compination of themal shution ang chemical
produces a signal 1o Noise o five imes better than single

aione or multiple chemical elutions alone,

Applying the sams releasing or slution procedure te

turther modifications t© improve sensitivities. For
| elution in multiple captured release cycles
forms of slution, either muttiple thermal elytions

nds 1o reisase the same backgrond from me

support However, applying diffarent releasing conditons tends 10 retan backgrond on the support that

would ctherwige be siuted. it is unfikely that backgron
or chemically distinct congitions.

A typical chemical stution of targst-prode complexe.
contact with 3M GUSCN for one minuts &t room temperature.

cescribed previgusty.

d will benave identically to target under two paysically

s on magnetc beads includes bringing bsads in

Exampies of thermal elutions have been
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(2]

The ability to ceect bactana would also be improvod by directing probes o ribosomal RNA sequences.
Riposomal RNA seguences present p ‘housand 0l increase in targst Ber ceil as compared to genomic
ONA and clinically significant plasmic DNA. -

The sensitivity of the atove DNA or RNA target capture methods San be enhanced Dy amplitying the
castured nucleic acias. This can be achisved Dy non-gpeCific replication using standarg enzymes (poly-
merasas ana/or transcriptases). Atter replication, the amplified nucieic acid can be reacld as above with
capture prope, resortar probe. ang capture Deaos o purily ang then gglsct the amplified saquences.

In addition, wnere ampiificator s employed ioliowing purficaton of the target nucteic acids as
descrices apove. the amplified nucieic acids can te cetectad according to other. conventonal methods not
eMpIoying the Capture Prope. reporter prebe, and cagture beaqs descnbed above, ie.. detecton can be
camed cut in solution Or ON a2 SUTPOrt as N S@NCarc detecton tecnAIQUES.

Amplificanon of the larget nucieic 3cic sequences, because if follows punfication of the target
sequerces, can employ non-specific enzymes or primers (i.2.. 6n2Zymes Or pnmers whicn are capaole of
causing the repiication of vitually any nucleic ac:d sequence). Alhough any backgrond. non-target, nucieic
acios are ephicated along with target, this 1s not 3 prchism because most of the background nucteic acids
have peen removed in the course of the capturs procass. Thus no specially tailored primers are neeced ‘or
8acn test. ana the same standard amplification raagents can be used, rsgardiess of the largets.

The following are exampies of the methad.

Eramoie ¢

The following example illustrates the use of RNA polymerase to amplily target DNA captured by a
metod which is 8 varianon of the capture method discussed above.

Referring to Fig. 4, target DNA of a sampie is first reduced in size by shaaring or Dy limited nucissse
digeston, accarding to standard methods. A recA protsin coated capmure probe is then adced to the
aigestec target DNA (Proc. Natl. Actc. Sci. U.SA (1988) 83:8591) The recA protein coated prove Contains a
nucleic acid sequence (2) that is homolagous to a first wrget (a') sequence of the target ONA, a3 well as a
homogciymer sequence homologous to 8 nucleic acid sequence on 3 capture bead. This capture bead is
then a00sd to the mixture (o isolate and purity the targst nucleic acid, as descnbed adove.

The captured DNA is amplified Dy Teatment of the mixture with E. coli RNA palymerase lacking sigma
subunit. i.9.. core enzyme: €. coli RNA polymerase is described by R. Burgess in ANA Polymerase, Coid
Spring harbor press, pp. 85-100, and can be purchased from New England Biclabs. Beverly. MA. The
sigma subunit is removed according to the procedure cescribed in J. Biol. Chem. (1888) 244:2188 and
Nature (189) =221 =:43. Other pnage or bactaria! RNA poiymerases that lack transcriptional specifisity can
g0 De usec. Cors snzyme is added together wilh nucleotide tnphosphates and 3 low salt ranscription
butfer such as described in Eur. J. Blochem. (1876) §3:387 and Eur. J. Bigchem (1877) 74, 1107.

A suitable nuciectide triphosphatstranscnpgon butfer sclution nas the following composition:

0 to 50 mM NaCl or KCI

25 mM Tris HCI pH 7.9 bufter

10 mM MgCh

0.1 mM EDTA

0.1 mM dithiothreital

0.5 mg/mi BSA

0.15 mM UTP, GTP, CTP. ATP

The resulting nan-specific transcripton of the target ONA produces many RNA transcripts of the target
ONA which are then captured using & Capture prode containing a sequence (b') homoicgous © 3 saguence
(b} of the RNA transcripts. A reporter £robe containing a sequencs {¢') nomologous 10 anctner saquence (c)
ot the ANA transcript is then used tor aetacton.

Exampie §

In this sxampie both non-specific replication of target DNA and ranscription of that ONA are ussd
amplity captured target DNA.

Refernng to Fig. 5. denatwsd sample ONA is captured as described above and the enzyme DNA
polymerase (for example, Kienow fragment Dwr. J. Biochem, (1874) 45:623 availabie from New England
Siolabs), random ohigohexamer primers (i.0.. Hexamers propared to contain randomly selocted basosl [
each nuclectice position in the hexamer) and deoxymuclectide Uripnosphates are added in 8poropriste
DuMers 1 cause replication of target DNA 1o form additional double soandsd ONA- Suitabls cligohexamer

b
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pnmers are available under camiog No. 27-2188 hom Pharmacia, Inc. Piscowsway, NJ. A suitable deox-
ynuclestide tripnoschatesbutier soiution has the icliowing composition:

86 MM glycine-NaOM Butter, pH 8.2

6 mM MgCl;

1 mM 2-mercagiosthonal

30 mMeacha CTP. d GTP, a TTP, ¢ ATP

Because the primers are rangom. Some will. simpie as 8 matter of staustics, bind o ans cause
raplicalion of sampie sGquencss. ng maner what those sequences ere. (Alternatvely. the ocudls strancea
DNA can be formed ty synthesis starung frem capwre prote a.) RNA polymerase lacking sigma subunil 1$
nen added along with nuciscuce mphospnates and low salt transcription bufter. Transcription from the
target DNA (which nas tsen incraassd in numter) produces many ANA capies ol tnis ONA. The RNA
transcrpts are then captured and Catestad as in exampie 4.

Exampie 8§

in this axample target DNA s replicatad using DNA pelymerasa.

Refernng to Fig. 6. sampte DNA is denahured, reduced in size and capturea as descrioed in examples 4
and §. ONA polymerase, for exampie, Kienow fragment. and deoxynucieotice triphospnates are agced in
appropriate buffer with rangom hexamer ocligonucisotides o bring about non-specific double-stranded DNA
syntheses. The in vitrg synthesized DNA product is then made single sranded by neat treatment (CX-
100°C for three minutes). oOr its equivalent, and saditional ONA polymerase is hen added o replace that
rangered inactive by the heat Taatment. Further in viro DNA replication then is allowsd t occur. The heat
treatment and polymerization reactions are repeated about 10 tmes to produce an approximately 1,000-fold
increasa in the level of target DNA. The replicated DNA is genatured in vitro using heat or alkali and then
captured and detected as described previcusly.

Examole 7

In this exampls, rRNA or ANA vanscribed from target DNA is purified using & capture probe, descrived
sbove. Tne hybrd dupisx i1s then genjtured and singls stranded nucleic acias are then replicated non-
specifically using QA replicase (metncas in Enzymology (1979) 80:828. This replicase replicated both
messenger RNA ang ribosomal ANA non-specifically uncer the conditions described by Blumental, Proc.
Nall. Acad. Sei. U.S.A 77:2601, 1908. Bocause the replication product is & tempiate for the enzyme. the
ANA is replicated sxponentially.

Clsims

1. A method of amplification of a target pelynuciectice molecule potentally contained in 8 sampie with
non-target polynucleotides compnising the steps of:

a. contacting the sampie potentially containing the target with a first support and a first probe
capable of specifically associating with 5ai0 target uncer binding conditions and further capable of
associating with said first support undar dinding conditions:
b. separating said first support from the remaining sample w lorm a removal product which in the
presencs of target includes said target:
c. subjecting said removal product 1o ampfification which in the presence of target torms an
amplification proauct.

2. The method of Claim 1 wnerein s3id method further incluges the step of getermining the presence of
sad ampificagon product.

1 The method of Claim 2 wherain said step of dstermining the presence of said amplification product
includes contacting said amplification product with 3 secand probe having a label moiety.

& The memod of Claim 1 wnerein said method lurther includes the step ot contacting said amplification
product with 8 second suppont capabie of specifically associating with said amplification product unde?
binding conaitions.

5 The methced of Claim 1 wnerein said first suppont inx:ludos_ a retrievable support.
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The method of Claim 1 wherein $aid firs! creoe is previously bound to said first support.

The metnod of Claim 1 wherain said first probe includes 3 ligans capable of binding to an angfiganc
associared with saic first suppon.

The metnd ¢t Cla:m 1 wherein ssid first prope is coated with recA orotern.
The methog of Claim 1 whersin said ampiilying step comprisas reating said targel with 8 polymerase.

The mgtneg ¢f Claim 9 wherein said porymerase is RNA polymerass. Q2 replicase. franscnptass of
DNA pciymerase. )

The metnog ¢t Claim 9 wherein said target 18 DNA and, prior to said stap of treating said target with
said colymerase. saig largat is caused to reslicats by subjecting said target to DNA potymersse and
non-specific ciigonuciectice pnmer.

The method of Claim 1 wnerain said target is mRNA

A wt for capturing and amplitying a target polynucigctids contained in 3 sample medium potentially
containing the Wrget with nen-arget polynuciestiges compnsing:
a) a first probe capable of binding to a support and said targst under binding conditions:
b) a support capable of forming a substantially homogeneous dispersion within a sample medium
ang capabie of separation therefrom to form a removal product which in the presence of targset in the
sample includes said target: and
¢) amplificaticn reagents adapted to be appiied 1o said removal product.

The at of Claim 13 wnerein said suppon includes &t lsast ons bead.
The kit of Claum 14 wharsin seid bead is capable of interacting with 3 magnetic field.

An instrument for performing assays for target polynuclectides in accordance with the mathad of claim
1, compriging:

a reaction chamber adapted for receiving target polynuclectides and non-target polynuclectidas in
a sample madium and a supporn capable of a subswantally homogenecus dispersion within the sample
medium and capable of forming a compiex with the target

means for separating the support from the sample medium to form a removal product, which in the
presence of @rget in the medium includes target, which removal product is substantially tres of non-
targst polynuciectides:

means to amplify said target as part of 3 removal produet to form an amplification product. and

means o detect said ampiification product

Patsntanspriche

1.

2

Vertshren zur Amplifikation eines maglicherweise in siner Probe mit Nicht-Zislpotynukieotiden vorhan-
denen Zlslpolynukiectiaroieklls, umfasseng die Shufen:
8) inkonmakibringen cer maglicherweise das Zisimolakdi enthaltenden Probe mit einem erstan Triger
und siner ersten Sonde mit der FEhigkeit, spezifisch mit dem Zialmolekil unter bindénaen Bedin-
gungen zu sssoziieren. und wefterhin mit der Flhigksit, mit dem ersien Triiger unter bindenden
Begingungen 2u assoziieren;
b) Abtrennen des ersten Trigers von der verbleibenden Probe unter Bildung eines Entfemungspro-
dukts, das bei Vorkegen des Zisimolekils das Zie!moieki! umfat o
t) Amolifikation des Entfemungsprodukts, wobwi bei Vorliegen des Zisimoleklis ein Amplifikatons-
progukt gebildet wird.

Varfahren nach Anspruch 1, webei das Verfahren weiterhin dis Stufe der Bestimmung des Vortiegens
des Amplifixationsproduits umiast
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Verahren nech Anspruch 2. wobe Cie Stufe Jer Bestimmung Ces Voriiegans des Amplfikatonspro-
cukts gas Inkontakioringsn ges Ampliflkanonspreaukts mit eingr zwenten Sonde mMit eincr Markerenneit
umtagdt.

Verfahren nach Anspruch 1, wobei das Verfahren weiterhin cie Stufe des inkontaktbringens dss
Amplifikationsorodukts mit sinem zweiten Triger mit cer Fanigkeit, spezifiscn mit aem Amplifikasons-
progukt unter tindenden Begingungsn v assoziiersn, umfast.

Verfahren nach Ansoruch 1. wobei cer erste Triger einen wiedergewinnbaren Triger umfall.
Vertanren nach Anspruch 1. wacei die arste Sonce zuver an cen ersten Trager gebunden worgen ist.

Vertahren nach Arspruch 1. wobei die erste Sonde sinen Liganden mit der Fahigkeit. an einen mit dem
ersten Triger assoziisrten Antiligangen 2u bingen, umfast.

Vertanren nach Anspruch 1, waobei die ersts Songe mit recA-Protein beschicntel ist.

Verfahren nach Anspruch 1, wobei die Amplifiastionsstufe die Behandiung des Zisimoteklis mit eingr
Polymerase umtast

Verfahren nach Anspruch 9, wobei die Polymerase RNA-Polymerase, Q-Replikase, Transkriptase oder
DNA-Polymerase ist.

Verfanren nach Anspruch 9, wobsi das Zieimolekiil eine DNA ist, und vor der Stute der Behandiung
des Zieimoleklis mit der Polymarase ass Zieimoleklll zur Replikation dadurch veraniagt wird, da man
gas Zieimoiek! mit einer DNA-Pciymerase und sinem nichtspezifiscnen Oligonuklsctdprimer behan-
agelt.

Vertanren nach Anspruch 1, wobei 0as Zigimolekil mRANA ist.

Kit zum Einfangen und Amplifizieren sines Zisipolynukieotics, aas in einem Probenmedium enthasten
ist, das moglicherweiss das Zsimolekll mit Night-Zisipolynukieopden enthdit, umiassend:
a) sine ersts Sonde mit ger Fahigkeit, an einen Triger una 0as Zislmolekil unter bingendan
Bedingungen 2u binden; .
b) sinen Triger mit der Fahigkeit, #ine im wesentiicnen nomogens Dispersion in einem Probenmedis
um 2u bilden, und mit der Fihigkeil, caraus unter Bildung sines Entfernungsproculas, das bei
voriiegen des ZisimolekGls in der Probs das Zisimoiekil umfalt, abgetrennt 2u werden; und
¢) Amplifikationsrsagentien, die aer Anwendung aul das Entlemungsprodukt angepalt sind.

Kit nach Anspruch 13, wobei der Triiger mindestans ein KUgeichen umfsft.
Kil nach Anspruch 14, wobei aas Kligelchen mit sinem Magnetteid wechseiwirken kann.

Vorricttung zur Durchfinrung von Assays auf Zielpolynuideotige gemii cem verfanren nach Angpruch
1, umiasgend:

eine Reaktonskammer. dle Ger Autnahme von Zisolynukisctiden und Nicht-Zielpolynukigctiden in
einem Probenmadium engepadt 1st. und einen Triger mit der Finigieit zur im wesentlichen homoge~
nen Dispersion in gem Propenmedium una der Fihigkeit zw Bildung sines Kompiexes mit dem
Zisimotekal;

Mitte) zur Abtennung des Trigers von dem Probsnmedium unter gBildung sines Entternungspro-
dukis, das bei Voriegen des ZisimolekDis in dem Medium das Zeimolekil umfalt, wobel das
Enttemungsprodukt un wesantiichen frei von Nicht-Zisipolynukiecuden ist,

Mitte! 2ur Ampifikanon des Zisimolek0is uis Teil eines Entlermungsproduidts untar Bildung sines
Ampfifikationsproduits: und -

Miftel 2um Nachweis 0es Amplifikationsprodukts.
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Revendications

1.

10

1"

12

13

Procedé d'amplification g'une motécule o= poiynucidotite cibie contenus potentieliement gans un
schantilien avec Oes =olynucléoudes ncn cibles, caractérisé en ca qu'il comprend les étapes consisiant
a:
8. amener en ccntacy I'échantillion contenant potentiellement 1a cible avec un premier suppor et
avec ung premidre sonde capasic e s'associer spécifiquemnent avec (3dilc cible dans ces cond-
nons ce lisison et capable en Cutre Gs s'assccier avec ledit premier suppcn 0ans des conditions ce
liaison; . ’
b. séparer ledit premier support ds 'Echantillon restant oour fermer un proauit de retrait qui, en (3
présence de 13 Cibie, comprand ladits cible;
c. soumettre ledit produit de retrait 3 amplification qui. sn i présence as ia cible forme un proaunt
J'amelificaton.

Procédé selon la revendication 1, caractérisé en ce qu'il comprend en outre I'étape carsistant 3
ddterminer (a présance dudit produit ¢'amglificanon.

Procécé selon la revengication 2, caractérisé en ce que ladite étape de détermination de la ‘présence
dudit produit ¢ ampiification comprand 'amenée en contact dudit produit d'amplification avec une
seconde sondes comportant une portion marquée,

Procddé selon la revendication 1, caractbrisé en ce Qquill comprend en ouwre I'délaps consistant A
amener un contact ledit procuit d'ampiification avec un second support capable de s'assocrer specifi-
quement avee ledit produit @ amplification dans ces conditions de Kaison.

Procédé seion la revendication 1, caractris§ en ce que ledit premier suppon comprend un Suppornt
récupéradbie.

Procédé salon la revendication 1, caractinsé en ca que !acite premidro sonde est préalaniement liée
audit premier suppon.

Prockdé selon la revendication 1, caractérisé en ce que ladite premitre sonde comprend un figand
capable de se lier 3 un antiligand assccié audit premier support

Procddé selon la revendication 1, caractérisé en Ce que 1adite premitre sonde est revélue de protding
recA.

Procédé selon i3 revendication 1, caractérisé en ca que ledite éraps d'ampiitication comprend le
traitement de [acits cible avec une polymeérase.

Prockdd selon s revendication 9, caractériséd en ce que ladils polymérase est une ARN-polymérasa,
una Qa-réplicase. uns transcriptase ou une ADN-polymsrase.

Procédé selon la revendication 8, caractérisé on ce que ladite cible est Go 'ADN et, avant ladite étape
de Tatement de cetle cible avec Iiadite polymérase, s cible est amende i se répliquer en la
soumenant 3 de "ADN-polymérase et 3 un promoteur en oligonuciéotiae non specifique.

Procddé selon s revendicalion 1, caractériss en ce que ladits cible est en mMARN.
Nécassaire pour séiscoonner et amplifier un polynuciéotide cible contenu dans un milieu échantilion
contenant potentieligment 12 Cibie svec des polynuciéotices non cibies, compremant: N
a) une premidre sonde capabis de se Ler & un support ot } ladite cible dans ges conditions de
liaison; . )
D) un support capable ds former une dispersen sensiblement homogéns dans un miliey wtlbn
et capable d'en étre séparé pour former un produit de revvail Gui. en s présence ce la cible dans
I'échantilion. comprand ladite cible: et )
c) des réactits d'amplification adaptés & Bire appliquds audit produit de retrait.

~1
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Nécessaire ssion ls revendication 13, caractirisd én cé Qué ledit support comprend au moins une
pere.

18. Nécessaira selon 1a revendicanon 14, caractérisé en ce que lecite perie est capable d'intaragir avec un

16.

champ magnétique.

Instrument pour eMectuer des dcsages de polynucléotides cibles en accord avec It procédé ce 1a
revendication 1, caractérisé en ce qu'il ccmprend:

une chambre de réaction adaptée d recevoir des solynuciéotides cibles el des polynuctéotiques
non cibles dans un milieu échantilion et un support capable d'un dispersion sensiblemant homegins &
Vintérieur du milieu écnantilion et capabie de former un complexs avec ia cible;

ges moyens pcur séparer i@ support du miligy échantlion pour former un produit ge reait qui en
ia présence de la cible dans le& miliev comprend Ia cible, lequel produil de retan est sensiblement
exempt de polynucléotiques non cibles:

des moyens pour amplifier ladite cible en tant que partie d'un produit e retait pour former un
procuit d'amplification; des moyens pour cétecter ledit procuit d'amplification.
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